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PSYCHOLOGICAL HYPOTHESES CONCERNING 
THE FUNCTIONS OF THE BRAIN 


By Professor KNIGHT DUNLAP 


THE JOHNS HOPKINS UNIVER Y 


SivcE the fifteenth century, the phi- 
losophers who have discussed the human 
mind have based their theories on two 
concepts, namely, the soul and brain. 
With the rise of physiology in the nine- 
teenth century, the brain assumed still 
greater importance, and the phrenolog- 
eal conceptions of Gall and Spurzheim 
led to conceptions of localization of men- 
tal functions in the brain which seemed 
to give that organ a detailed importance 
in place of the general importance it had 
held. One has merely to go back to the 
writings of the philosophers and physiol- 
ogists and psychiatrists from 1850 to 
1900 to recognize the positiveness with 
which psychical processes were assigned 
to the operation of brain cells. The pro- 
ponents of interaction couched their ar- 
guments quite frankly in terms of cer- 
tain hypothetical items of ‘‘conscious- 
which they called sensations, 
images and feelings, and which were 
claimed to be products of cerebral ac- 
tion. The parallelists, on the other hand, 
objected not so much to this notion as to 
the converse notion that consciousness in 
some way acted causally upon the brain 
It is metaphorically easy to see 
how a brain cell by its action might se- 
crete consciousness as a rose sheds attar 
or a harp string music. That a ‘‘sensa- 
tion’’ or an ‘‘idea’’ could have energy to 
excite or modify the ‘‘material’’ action 
of a cortical cell seemed to these allego- 
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Yet the parallelists accepted the 
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processes as 
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rectly connected, ever 
was denied to be a cau 

Even as late as 
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When experimental psycholog 
to develop, in the latter half of the nine 
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rough treatment, and all but a fri 
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that period have refused to involv 
soul in their problems or their method 
or their conclusions. This revol 
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no sense a 


or a religious movement, 
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which are utterly confused by the per- 
sons who use the term; and science can 
not proceed by the use of meaningless 
terms and jumbled concepts. 

If you consider only a few of the con- 
cepts of the past and present, you find 
them a motley aggregation. You find 
the psyche, or unindividualized life 
force; the ghost or shade; the indweller ; 
the double or ‘‘other one‘‘ (the Ka of 
the Egyptians, which seems really to 
have been the placenta); the ego; the 
**personality,’’ and such ilk. You will 
find these concepts startlingly different 
from one another, and you will not be 
willing to affirm or deny the existence of 
the soul until it has been made precisely 
clear what it is that you are affirming or 
denying. You will also find that the per- 
ennially engrossing question of immor- 
tality is a vastly different question ac- 
cording as it is tied up with this, that or 
the other kind of soul, and that millions 
of people have believed in immortality 
while denying the existence of any sort 
of soul. 

With the putting of the soul out of 
psychology, a vacancy was created into 
which a series of substitutes have crept. 
The case is somewhat like the one pre- 
sented in the parable of the devil which 
was cast out of a man, but which shortly 
returned, bringing a number of other 
devils with him. ‘‘Consciousness,’’ 
which as its form indicates is an abstract 
term, became for the soulless psychology 
a concrete noun, designating a kind of 
thing, or observable something, which 
was made the basis of the mind, as the 
soul had formerly been. There is a per- 
nicious tendency on the part of man to 
seek to explain phenomena by pointing 
to an assumed substantial something 
behind or under it, as the Hindus 
sought to explain the foundation of the 
earth by assuming an accommodating 
elephant on whose back it rested. Even 
to-day, when the term consciousness has, 
through the efforts of modern psychol- 
ogists, been restored to its abstract 


meaning, there are small groups 
fundamentalists who still speak of cor 
sciousness as though it were objectiy: 
and observable, and a greater compar 
of biologists and physiologists who be 
lieve it to be a kind of quasi-objectiy 
reality. 

The soul is a hard customer: in s; 
of our excommunication it is difficult 
keep it permanently outside the 
Like the repressed desire of the Fr 
lans, it is constantly sneaking back 
guised under some other name. (© 
might suppose that ‘‘intelligence,’’ 
the thorough confusion wrought u; 
it by philosophers and biologists, 
‘‘intelligence tests,’’ would be | 
less terms, obviously abstract and te. 
tive. The discussions of the quest 
whether intelligence is one or many, 
you attend to the actual significane 
these discussions, should disillusion ) 
Intelligence, in some of its conspicuous 
usages, is just our old friend the s 
again, merely divested of its thaw 
turgic and vitalistic draperies and \ 
ing statistical false whiskers. 

We have with us also the good 
soul masquerading in a cloak of mam 
colors under the alias of person 
Some of those who revere intelliger 
revere the personality also; but in 
eral, those who worship at the shrine o! 
the latter ignore or slight the altar « 
the former. In spite of the fact 
the more experimental of the psye! 
ogists use the term personality strict]; 
to describe the impression which the 
individual makes on others, there is un- 
mistakably a group who, dissatisfied 
with our dealing with the individual’s 
perception, thought, feeling, actions and 
habits, insist on dealing with these all 
over again from the point of view 
‘*personality traits’’; and who obviously 
deem that in so doing they are gettin 
closer to the vital core of the individ- 
ual’s mental life—to his soul, in othe 
words. 

Even with consciousness, an intelli- 








S 
ce 
+ 
Go 
AY 
} 
» | 
. 
. 
( 
() 
y 
y 
? 
{ 
y 
( 
? 
, 
( 
( 
+ 
the 
ny 
tad 
u 
Ss 
Y 
< 
( 
) 
Si 
ne 
y 





FUNCTIONS OF THE BRAIN 99 


vence or a personality as a substitute, 
the passing of the more robust concepts 

the soul from psychology threw a 
ereater emphasis on the brain, and ex- 
perimental psychologists, following the 
lead of the physiologists, sought to find 
the secret of the mind in the chemical 
operation of the cerebrum, and stated 
their problem and results indifferently 
in factual terms of actual occurrences 
of perception and thinking and feeling, 
or in terms of hypothetical brain states 
and cerebral processes, or more fre- 
quently, indeed, mingled the two ter- 
minologies in a kind of scientific hash. 

We accepted the conventional sensory 
centers in their phrenological significa- 
tion, and solemnly sought for thought 
centers and feeling centers and for other 
centers corresponding to more recondite 
classifications of mental facts and occur- 
rence. Within the year, a European 
physiologist has achieved notoriety, at 
least in America, by announcing the dis- 
covery of the sleep eenter. The obvious 
mental defects of those who have suf- 
fered from pathological brain develop- 
ment and from brain disease and trauma 
have fitted into the brain-center scheme 
in a general way, and have been made 
to fit more specifically in fearful and 
wonderful ways, much as Neolithic man 
fitted his corpses to cramped burial 
bowls. With the emphasis on mental 
heredity, it was early assumed that this 
heredity was determined by the type of 
brain inherited. If musical talent ‘‘runs 
in a family,’’ then a ‘‘musical brain’’ 
must be hereditary in the family stock. 

The experimental method, however, 
became too vital a part of psychology 
to permit the long continuance of this 
situation. All this schematization even- 
tually appeared to be what it really 
was, namely, an elaborate interpretation 
of preciously slight experimental fact. 
The work of Sherrington had opened 
new vistas of possibilities. The psy- 
chologists were restless and ready for 
migration to pastures more promising 


than the phre g S soo! s a 
practicable route sl ild be opens In 
America, this pioneer work was don 
by Shepherd Ivory Franz, w 


periments on the recovery of vision 1 
monkeys in which the visual nters 
had been permanently put out of ope 

tion, and in the reeducation of tabetics 


showed the wa) 


Since that time, of course, there have 
been those who have gone to the op] 
site extreme in rpretatior expel 
mental results. Little has been added 


with certainty to the indications Fra) 


was able to outline, although ther 
been some hazardous drawing of sp 
conclusions not justified by the « 
Justifiably or unjust t ps 
chologists’ conception of t functior 
of the brain has changed, and tl 
change is the most significant sir 
reformation in the history of the sci 
ence. The new formulation of the ps‘ 
chologists seems also to have affected the 
workers in the biological sciences. Even 
the eminent neurologist whom I quoted 


a moment ago now puts his theories in a 
quite different style, much more in ac 
cord with psychology. 

In brief, the new working hypothesis 
in regard to the brain can be reduced 
a series of statements. 

(1) The brain is an integrating or- 
gan, and we know of no other functions 
which it has. 


2) The brain ‘‘eenters’’ are ana- 


{ 
tomical, and not psychological 

3) There are no known differences 
in the kind of function between cells in 
different parts of the brain. (Ther 
may be differences in the time-relations, 
energy and stimulation of these actions 

(4) There are 
function possessed by cells in the corte 


no known types of 
which are not possessed by peripheral 
neurons, although there are types of 
functions possessed by certain perip| 
eral neurons (the selective stimulabil- 
ity of receptors) that are not possessed 
by central neurons. 
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(5) Consciousness is an abstract char- 
acterization, not of brain cells, or even 
of the brain as a whole, but of response, 
that is to say, reaction. Put concretely, 
certain responses are conscious. The 
brain actions, taken by themselves, are 
neither conscious nor unconscious. 

(6) ‘**Conscious’’ is merely a deserip- 
tive adjective applied by convention to 
such responses as hearing, seeing, think- 
ing, ete. These processes are so named 
by common consent, and the naming is 
in no wise an explanation. No one, not 
even among the former behaviorists, 
denies the occurrence of seeing, and of 
a variety of processes which seem prop- 
erly classified therewith ; and the calling 
of these conscious is a mere matter of 
useful convention, like calling certain 
mechanical actions explosive. Any other 
term would do as well, if generally em- 
ployed. 

The best simile I know to express the 
relation of the brain to response, con- 
sciousness and unconsciousness is the 
simile of the telephone exchange system. 
The brain is a system of central sta- 
tions, connected with one another by 
trunk lines and connected each with a 
multitude of subscriber’s stations by 
afferent and efferent neurons. So long 
as the lines are intact and the central 
stations in normal condition, any sub- 
seriber can call any other subscriber in 
the city. Here the simile breaks down, 
because in the telephone system, the sub- 
scribers who are called ean call back 
over the same lines (central volens), 
whereas the connections from receptor 
to effectors in the animal body are one- 
way lines. The receptor can call, but 
can not be called except over a different 
line. The telephone system is, in a way, 
more efficient. 

In another way, and a very important 
way, the nervous system ‘‘has it over’’ 
the telephone system, since from a single 
receptor a multitude of effectors can be 
innervated at once, and conversely, a 

‘multitude of receptors can cooperate in 
‘the calling of the same effector. 


This brings us to the really import 
integrative feature of neural act 
Within certain limits, the nervous 
tem acts as a whole in conscious 
sponse. Here our analogy breaks d 
completely. In describing a samp\ 
action we speak conveniently oi 
stimulus as if it were the action 
few receptors, and the response as 


involved only a relatively few afferent 


cerebral and efferent neurons and a 
muscles. But we know that the 
stimulus is a pattern involving 
cally all the receptors in the body; 
the real response involves the nery 
system integratively, and practical]; 


the muscles, and many, at least, of t 


glands. Even such a response as 
knee-jerk in the uninjured animal! 


t 


readily be shown to be no mere ret 


ter 


but to depend on a vastly grea 


semblage of receptors than those ter 


nating in the patellar tendon, and | 
confident that within two years we s! 
be able to show that all the muscles 
the skeletal system participate in 
so-called reflex, and in all other 
responses of the human body. 

In this integrative system, the vis 
cortex is ‘‘visual’’ only because it 
pens to be directly connected wit! 


i] 


retina. Normally, no visual stimuli 
ean affect the organism, in more than 


limited local way, unless the connect 


between the retina of the eye and t 
skeletal muscular system be intact; ar 
perhaps the smooth muscular and t 


glandular systems are important. 
perimentally, the connection can 
broken in any one of four ways: (1 


destroying the retina; (2) by euttil 


Ex 


the optic nerve; (3) by cutting t! 


optic tract; (4) by isolating the oc 
ital cortex from the remainder of 
brain. In each ease the result is 


same. The animal is blind. Theoret 


cally, the same result would be obtair 
by cutting all the efferent fibers run: 
from the brain to the muscles 

glands, but this experiment can not 


1 This was Franz’s method. 
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tried, and I that it 
would not succeed unless the cerebellar 

nnections cut 
wires a functioning and variable con- 
nection the and the 
muscular system. If, however, after de- 
struction, pf, the occipital cortex, the 
tina*fan be functionally connected to 
me other part of the cortex, vision 
will again occur, although perhaps not 


strongly suspect 


also. Seeing re- 


were 


between retina 


as efficiently as before. An analogous 
ndition is again found in our tele- 
hone system, where, if your exchange 
is destroyed by fire, the cables are cut 
ver to another and your 
phone is again alive, although the crowd- 
ng of the new exchange may interfere 


exchange, 


somewhat with efficiency of operation. 
Although recently published conclu- 
sions maintain that in the rat, the de- 
struction of the occipital cortex does 
not materially decrease the efficiency of 
erude sort 

allowed 


discrimination of a 
has been 


visual 
after sufacient time 
for recovery from the operation, the 
data which are offered do not seem to 
support the conclusions. Nor, in fact, 
are the data so far sufficiently critical 
But 
even if certain responses analogous to 


to support any definite conclusion. 


tropisms or simple reflexes do occur 
after the recovery from operation, we 
must not expect to find the more deli- 
cate performances resulting from the 
same sensory type of initiation as effi- 
cient as they are when the brain con- 
nections are normal. On this point, as 
on the other points of interest in ani- 
who have recovered from brain 
operations, much carefully and accu- 
rately controlled experimental work 
needs to be done before 
ean be drawn. In addition, histological 
methods must be applied, so that we 
may know what has really happened 
in the brain of the animal in the process 
of recovery from the operation. Pro- 
fessor Pike has trenchantly stated these 
requirements in his recent note in 
Science. 
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explain certain operative results which 
seem otherwise to offer difficulty. We 
know that perception is a matter of 
habit formation. The regularity and 
consistency of stimulus patterns builds 
up, through successive responses, types 
of response which are perceptions of 
specific objects. Stratton’s experiments 
with inverted vision show that it makes 
no difference whether the image on the 
retina is erect or inverted, provided it 
is consistently one way or the other for 
a sufficiently long (really a surprisingly 
brief) period. Other laboratory experi- 
ments with prisms described by Sanford 
give results of the same order. It is to 
be assumed, therefore, that if regular 
stimulation of a certain brain area by 
nerve current from the retina, and the 
retina only, builds up the responses 
which become perceptions of light and 
color, a sudden change in stimulation 
by which these cortical cells are stimu- 
lated from sources other than the retina 
may produce a somewhat similar af- 
ferent and muscle pattern, and so evoke 
perception of the visual mode, without 
visual stimulation. This would perhaps 
be a temporary effect, and may explain 
the results which have been reported 
from the experiment of stimulating the 
cortex directly by electric currents. 
However, I should wish these experi- 
ments repeated under careful psycho- 
logical control before leaning heavily 
upon them. 

The explanation of imagination of 
visual, auditory or other modes, where 
there is no effective receptorial stimula- 
tion, does not offer difficulty. Such evi- 
dence as we have tends to show that 
in having a visual image the observer 
makes a response which terminates in a 
muscle pattern which has habitually 
followed a stimulus pattern of the 
type he is imagining. For example, 
in imagining any specially definite ob- 
ject, Totten has shown that the ob- 
server makes eye movements of an ap- 
propriate type. Perhaps many other 
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muscles are employed, and experiment 
now in contemplation will eventual): 
supply evidence on this point. It is n 
necessary to assume that the visua 
cortex is excited in visual imagining 
or that the auditory cortex is excited 
in the production of auditory imagery 
Nor need the destruction of the norm: 
visual or auditory ‘‘centers’’ ! 
nently deprive the animal of visual 
auditory imagery, even if the eye d 
not resume its function. 

We are approaching at this point 
most important problem, namely, 
extent to which actual muscular 
tivity is necessarily involved in « 
scious responses. I have certain 1 
tions about this, but some acute exper 
menters are at work on the muscu 
problem, and it will be advisable 
await their results. There are a host 
fascinating problems connected with this 
one, but if I am to get to my main p 
within reasonable limits of the reader’s 
time I must resist their fascinations and 
pass on. 

The nineteenth century emphasis 01 
the brain as the source of mental 
naturally tended to identify individu 
differences in mentality with differences 
in the constitution of the brain. T! 
man of superior mental ability may v 
be supposed to have a better brain, and 
the low-grade moron may reasonably be 
assumed to have a low-grade brain. Thx 
expert mathematician has a mathen 
ical brain, and the clever writer a liter 
ary brain. Most of us have just com- 
mon, mediocre brains. 

A short time ago, an ambitious young 
psychologist seemed to have den 
strated that with superiority and 
feriority of mentality went superiority 
and inferiority of the spinal reflexes; 
superiority and inferiority, at least, 
respect to speed of action. Measure- 
ments of the time of the knee-jerk in 
groups of people ranging from moron 
to highly intelligent, when correlated 
with intelligence-test scores of the same 
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persons, gave coefficients of correlation 
of significant size. ‘‘Mentally quick, 
speedy kick,’’ was the indication. Most 
psychologists were skeptical, as the de- 
tails of the experimental report were 
not clearly satisfactory, but the con- 
elusions were nevertheless heralded as 
one of the greatest discoveries of the 
age. Unfortunately, the skeptics’ ex- 
pectations have been confirmed, and it 
is informally reported that more careful 
experiments show only a chance correla- 
tion, and the brain’s aristocratic posi- 
tion is so far unshaken, although there 
is no reason to suppose that high speed 
of reaction is a uniform characteristic 
of either spinal or cerebral efficiency. 

The relation of brain structure and 
organization to mental ability receives 
confirmation from pathological and sur- 
gical observations. Loss of a consider- 
able portion of the cortical substance, 
except from the frontal region, pro- 
foundly affects the mental characteris- 
ties of the patient, even though no spe- 
cifie sensory alteration be produced. 
Degeneration of tissue likewise produces 
mental degeneration. Microcephalic and 
hydrocephalie individuals have impaired 
mentality. 

For the greater range of individuals, 
however, from medium-grade morons to 
geniuses, no characteristic differences in 
cortical tissues are discernible. Here, 
the difference may still exist, and there 
may be characteristic differences in the 
brains of mathematicians and prize- 
fighters, bankers, politicians and priests, 
in spite of the fact that research has 
not yet shown them. 

For the low-grade moron, however, 
examination does seem to show a struc- 
tural peculiarity, consisting in a defi- 
cieney of interconnection of the cortical 
cells. This is a fact of profound im- 
portance which fits squarely into our 
integration theory, and also into the 
heresy I shall propound in a few 
minutes. 

The general hypothesis that mental 
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differences of capacity involv r 
sponding differences in brain constitu 
tion or organization may then rest 

challenged for the present. All lines of 


evidence converge towards the confirma 


tion of the hypothesis We ean 1 
escape the econelusion that where ti 
responses differ, there is difference n 
merely in receptor action, and effector 
action, but in brain action als Wher 


systems of response differ in 
istic ways, there must be ch: 
differences in brain action, no matt 
what these differences are due to. TI! 
by the way, is one of the reasons why w 
may confidently expect that any read 
justment of brain following operativ 
injury will show its effects in some way 
in the response 

Brains differ, and the important ques 


tion is: How do the brains get that w ay ' 


For the discussion of this problem we 
may reasonably ignore the obviously 
pathological brains; those which have 
lost substance, have suffered syphilitic 
or other degeneration, those whost 
arteries are hardened and those demo 
strably badly constructed from birt}! 

It is fairly certain that the important 
differences in brains of the normal 


range, including the brains of most 
geniuses, morons, criminals, saints and 
hoi polloi generally, are differences in 
organization, histological or chemical in 
character, and not anatomical in the 
gross sense. !t is true that since Gall 
and Spurzheim many earnest investiga 
tors have thought to have discovered 
anatomical cerebral characteristics cor 
responding to mental traits, but these 
discoveries do not seem to stand the 
test of time and scientific investiga 
but like the bumps of the phrenologis 
and the facial and other character-signs 
of Lombroso, Blackford and Company 
vanish into thin air. 

There have been those who have 
thought the total size or weight of th 
brain was indicative of mental caliber. 
This thought was especially comforting 
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to the males, when it was pointed out 
that the weight of the male 
brain is greater than the average weight 
of the female brain. Perhaps the em- 
phasis on the fact that, relative to the 
body weight, the female brain is the 
heavier has largely contributed to the 
elimination of the brain weight hy- 
pothesis, although there are still anato- 
mists of high standing who 
think there is something in it. Possibly 
there may be; but there are so 
other unanalyzed factors involved in the 
cases put forward that the psychologists 
are justified in their skepticism. 
Others have studied the convolutions 
of brains, and have thought to find in 
their conformation or relative develop- 
the indications of mentality. 


average 


scientific 


many 


ment 


These theories, again, may have some- 
thing in them—it is almost impossible 
to prove a negative—but the probability 
is too small to cause us serious concern. 
That the cephalic indexes, once deemed 


so important by the anthropologists, 
have a significance in this connection 
is no longer seriously maintained. 

How, then, does the individual human 
brain get its differential characteristics ? 
A number of alternative answers might 
be suggested. First, we might say, the 
differences are inherited. The mathe- 
matician’s brain has a peculiar organi- 
zation which is inherited from ancestors 
whose brains had the same character- 
istic, and the moronic brain is likewise 
a heritage from moronic ancestors. A 
deeade or two ago, in the vogue of a 
sort of heredity of almost fatal char- 
acter, this view was held with an ex- 
tremeness which seems incredible to us 
now. I believe that the biologists were 
primarily responsible; but anyhow, the 
psychologist went so far as to assume 
that education, and the environmental 
influences generally, had almost nothing 
to do with the organization of the brain. 
The moron might, through special train- 
ing, learn to use his poor brain a little 
more effectively than he otherwise could, 
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but its moronic character was supp 
to be established by a simple process 
growth from the originally incompet: 
And so on, for the t 
range of differential characterist 
Heredity, however, to-day, is not 

it used to be, and perhaps it n 
We no longer set heredity 

against environment, nature ag 

nurture, instinct against habit; but 


germ-cells. 


was. 


conceive each in terms of the other. 
this reformation, the psychologists h: 
been with the leaders of the process 

The extreme answer to 
question is the hypothesis that 
considering only the non-pathol 
brain) the differential characté 
are due entirely to education or trai: 
ing. This answer is not in good 
to-day. The majority of psychologists, 
and of biologists also, I think, inclin 
take a compromise position, holding t 
training is influential in determining th: 
organization of the brain, but that 
redity establishes the limits. 

This is nearer the truth, but still 
plies a false conception of both heredit: 
and environmental influence. A sound 
form of statement, for which I recei\ 
sharp criticism a few years ago 
which I think with Jenni: 
formulation and which is rapidly gain 
ing ground, is to say that nature 
nurture are mutually inclusive. Hered- 
itary tendencies are not absolute, | 
are relative to the environment, and are 
capable of formulation only in terms « 
the environment. Environmental influ 
ences, on the other hand, operate onl) 
on hereditary tendencies. Each is 
function of the other, the two bei 
comparable to mathematical factors 
a product, which accordingly varie 
with both and becomes zero when eit 
factor becomes zero. 

This formulation, 
the consideration of a 
which is most interesting. If 
factor in a product has a constant value 


tT) 


of unity, then all variations in the 


second 


agrees 


however, leads t 
possible case 


, 


eltne!l 
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determined by the varia- 
At this point, 


hy- 


oduct are 
ns in the other factor. 
to 
thesis which, from a point of 





erefore, I wish introduce a 





view of 





unanimous conservatism heretofore 





btaining on the point, is nothing less 





than rank heresy. 
As regards mental characteristics and 
should maintain the con- 
of view, as expressed in 





ipabilities, | 
ventional point 
e most modern formulations which | 
have just outlined. These characteris- 
ties vary account of 
heredity and differences in environment. 
I shall claim 







on differences in 






But as regards the brain, 
that the actual differences in normal in- 
lividuals are due to differences in train- 
ing alone; in other words, the direct 
hereditary factor has, for practical pur- 
poses, the constant value of unity. 
This hypothesis is the logical conse- 
quence of that which is more and more 
becoming the working hypothesis of psy- 
1amely, that the brain is not 


‘forgan’”’ 











chology, 
the sole or even the primary 
of the mind, but is a contingent and sub- 
servient part of the mechanism. 

I am insisting, in short, that so far as 
is concerned, one brain 







brain itself 
is equal to any other brain for purposes 
of training; and that, although different 
brains are, at a given time, different, so 
far as practical organization con- 
cerned the difference is due to differ- 
ences in the actions of the brains’ en- 


The 
Lit 






is 






vironments. 

Let me distinctly state, however, that 
this commits me to no behavioristie po- 
sition. I do not say that it is possible 
to train any individual to the point of 
mental and bodily capacity to which it 
is possible to train some other individ- 
ual; I do not say that one individual is 
equal to any other individual for pur- 
poses of training. I am speaking so far 
solely of brains. To say that you can 
take any child, young, and 
make a mathematician or a musician or 
& poet or a mechanic of him by any 










however 
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environment. ul ( een the el 


ment and the brain 


there are n 
which must not be overlooked 
mechanisms include the receptor 
glands of inner secretion and tl 
cles. The muscles are responsive t 
environment through the brain, but 
activity in turn stimulates the 
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SUVUSCI LIVE t 
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various specific 
docrine action, but 
the to 
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anew. 
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we 


responses receptorial 


the secretion of these hormones 
turn controlled by responses 
training, whether we speak of t 
vidual as a whole, or of the br 
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The response theory on 
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training. If the practical limitations of 
training are not set by the brain itself, 
they are necessarily set by these periph- 
eral mechanisms. 

The premises so far are merely corol- 
laries of the present working hypothesis 
of psychology. There is, however, an 
implicit assumption which must be made 
explicit, and this assumption is perhaps 
the only new feature of my radical posi- 
tion. It is the assumption that every 
normal brain possesses, in infancy, po- 
tentialities in excess of the development 
in actual life, even in excess of the devel- 
opment of the brain of the best indi- 
vidual. 

There are doubtless individual differ- 
ences in these potentialities, but they are 
so far outside of the range of develop- 
ment that they do not practically matter. 
To illustrate the point. The brain of 
every non-pathological individual is 
early capable of being developed, in 
mathematical capacity, beyond the ¢ca- 
pacity of the brain of the most brilliant 
mathematician ; but few have the periph- 
eral mechanism capable of administering 
the training. The brain of the low- 
grade moron was, in its early stages of 
development, perfectly capable of devel- 
oping into a brain equal to that of the 
highest genius; but the peripheral 
mechanism was defective. If I may 
again resort to a crude analogy, the 
situation is like that of a multitude of 
motor cars with gas tanks of capacity 
ranging from nine to thirty gallons. 
3ut if the purses of the drivers are lim- 
ited to the purchase of from two quarts 
to three gallons of gas, the differing 
potential capacities are practically of no 
importance. 

I do not claim that there are different 
initial capacities of development of nor- 
mal brains. I claim merely that if there 
are such differences, they are of no prac- 
tical consequence for actual possibilities 
of development. 

This assumption is not a wild one. 











There are many curious facts which sug 
gest it, of which I shall mention only one 
here: the fact that in every brain there 
is an excess of neurons over those act 
ally brought into functional operatio, 
While number of brain cells is not p 
haps the most important determinant of 
brain potentiality, it is undoubtedly 
some importance. T 
If I am not mistaken in my diagn 
psychology is very definitely on th 
towards the consideration of the brai n 
as an essentially plastic organ, especi 
in infancy and early youth, capabl 
meeting any demands which the recep \ 
tors, the muscles and the glands ar: 
to make upon it systematically. 
development of muscular systems in t 
past seems to have depended upon t t 
requirements of adaptation to envir 
ment, and the development of rec 
torial types seems to have depe1 
upon a very definite requirement 
namely, the existence of two sorts of 
stimulus, definitely related and ground 
in the same spacial points or units. 1 
failure to develop receptors for rad 
waves, for example, seems to have 
due to no limitations of human brains 
but to have depended upon the fact t 
these radiations, although they n 
have been present to the organism { 
the beginning, have not been systen 
cally related, in the physical schem 
any other forces playing upon the org 
ism. There have therefore been no ways 
in which these radiations could be int 
rupted and made useful to the anima! 
Functionally, the brain seems to be a! 
integrative or interconnecting organ, 
and nothing more, except that its in 
tegration is habitual. More specifically, 
the brain by its multiplicity of synapt 
connection enables any receptor to 
stimulate any muscular and glandu! 
element. Its integrative action has t! 
four features: (1) It enables the sam¢ 
stimulus-pattern at different times to 
produce different results; (2) it enables 
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different stimulus-patterns at different 
times to produce the same result; (3) it 
tends to fix the same result to the same 
pattern, and (4) it tends to develop 
fixed difference of result from differ- 
es of pattern which are practically 
important. Perception and emotion or 
eling fit into the scheme perfectly. 


, 


Thinking seems to offer some difficulty. 
In perception, the stimulus pattern pro- 
duces a response which has become 
mechanized. In thinking, the presence 

sensory stimulations as essential in- 
itiatory factors is not yet demonstrated. 
We are here offered two alternatives: 
1) the implicit muscle pattern theory, 
which assumes that in every thought 
process there is an actual muscle pat- 
tern, the end result of a preceding 
response; and that this muscle pattern, 
although it may not be demonstrable by 
ordinary means, is nevertheless effective 
as a stimulus. (2) The muscle substi- 
tute theory, which, while admitting the 
importanee of the muscle pattern in 
general, claims that the muscle pat- 
tern in many cases drops out entirely, 
and the afferent impulse is supplied by 
a correlated mechanism which has been 
trained to produce the same brain pat- 
tern (and therefore the same terminal 
muscle pattern) which has been pro- 
duced by the former muscle pattern. 
This substitute mechanism can be no 
other than the cerebellum, and hence I 
conceive of a train of thought, of a 
habitual sort, as essentially a series of 
discharges between the cerebellum and 
the cerebrum. Decision on this point 
rests upon the completion of much work, 
including the galvanometrie work on the 
detection of faint action currents of the 
muscles, upon which Dr. Max has been 
engaged for several years. 

It is to be emphasized that if this view 
is correct the brain supplies no initiative 
in our responses, conscious or otherwise. 
It supplies merely connections and con- 
servation, i. e., habit. The brain has no 


product called consciousness; at least 
we know of no such product. Conscious 
ness is an abstraction; consequently, w 
can’t reasonably ask what it is or where 
it is located. The term conscious is 
purely a descriptive term applied t 
the processes of perception, feeling and 
thinking. Conscious means nothing but 
the common peculiarity of these pr 
esses. Our question then is really 


Where is perception (or thought or feel 


ing), and what produces it? Int 
of perception, our answer is definit 
Perception is produced by the coopera 


tive action of receptors, afferent and 
efferent neurons, brain cells and in many 
eases muscle cells. Perception is this 
total response, and hence it is located 
where the response is, namely all 

the line, from beginning to end. Feeling 
could be as specifically localized, except 
that, unfortunately, we use the term 
freely in a double way: to designate the 
stimulus pattern, and also the responst 
it initiates. Thus in popular language 
hunger, pain and joy are feelings; but 
we speak also of feeling hunger, feeling 
pain and feeling joy. In the first sense 
the feeling is the stimulus pattern to the 
visceral and somatic receptors, and is, 
spatially, in the soma and viscera. In 
the second sense, the feeling as a pr CCS 
of response is all along the line, from 
the stimulated tips of the receptors to 
and including the resultant action pat 
tern. 

Although I claim that any brain 
(aside from injury, degeneration and 
nutritional conditions) is in its infancy 
capable of development to the point 
function possessed by even the est 
brains, I must admit that there are in 
dividual differences in capacity. Som 
persons simply can not be trained to the 
height of skill which others show, in 
music, in mathematics, in general intel 


ligenece. This statement of course is not 


absolute, but merely means that these 
persons can not be trained by the same 
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procedure as that by which others are 
trained, and perhaps by no procedure 
now possible. There is, theoretically, an 
environment in which the child of un- 
mixed feebleminded stock may develop 
into a person of high intelligence, just 
as there is theoretically an environment 
in which the child of pure blue-eyed 
ancestry might develop brown eyes, but 
these environments may be incapable of 
actual installation without killing the 
individual. 

If we grant individual differences in 
capacity under practicable environmen- 
tal conditions, and yet claim that these 
differences are not inherent in the brain, 
we are forced to the only alternative, 
namely, that they are due to the periph- 
ery, that is to say, receptors, muscles 
and glands. There is nothing startlingly 
new in the ascription to the periphery of 
importance for mental development. 
The only novelty lies in the emphasis on 
which I insist. We have long known 
that blindness and deafness are definite 
obstacles to normal development of the 
mind. In the usual type of environ- 
ment, the deaf child is very greatly 
retarded in mental development, al- 
though the results may not be of prac- 
tical importance under the usual cir- 
cumstances of civilized life. From an 
observation of anosmic individuals, I am 
convinced that their mental processes 
are even more different from those of 
normal persons than are those of the 
color-blind, especially in their emotional 
lives and the manifold factors depen- 
dent on the emotional responses. 

These, however, are relatively minor 
determinants. The glandular and gen- 
eral metabolic characteristics I suspect 
of being major determinants. The mus- 
cular system, however, must not be 
underestimated. The muscles are not 
merely immediate agents in adaptation 
to environment: they furnish a con- 
tinuous component in the stimulus pat- 
tern, and hence a constant factor in 
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training. Not enough attention has | 

paid, heretofore, to the character 

muscular development of different r sal 
Even in the of the true N 

where the striking characteristics, 


case 


from color and hair texture (whic} 
probably negligible) and gland 
peculiarities (which are not neglig 


are in the length and form of k 
in the leg musculature, 
studies of motor abilities have been 1 
on the hand and arm action, but n 
leg and foot performance. 

Even height and weight are not t 
ignored. 
are different, on the average, from t! 
of tall men, and the stature of the Afr b1 
can pygmies is certainly not without its 
effect on their mental attitudes. T g 
effects of stoutness and fatness on ci\ A 


comparat \\ 


Small men show traits 


ized mentalities may be complex in t! S] 
production, but they are none the | 
real. 

As for the differences in the chemistr S 
of different individuals, and in the fw 
tion of such peripheral mechanisms 
the muscle plate in its relation to 
muscle, where slight variations would | U 
eapable of producing large results, 
have not even scratched the surface 
the problems. The investigation of thes s 
peripheral factors I believe to constitut 


the most pressing problems of ps) 
chology. 
Let me now illustrate my heretic t 


theory more objectively. Suppose 
a group of English babies from Lan- 
ecashire were exchanged at birth with 

group of babies from a Negro tribe suc! 
as the Wolof, or a similar fairly hom 
geneous breed. Suppose that 1 
changelings were, in both cases, brought 
up by their foster parents with no pr 

udice on account of color or details o! 
form and feature, and suppose them t 
be treated by neighbors, tribesmen and 
townsmen in the same impartial wa) 
and to be exposed to the same training 
the same education, the same social in- 














FUNCTIONS 


S| fyenees, as their foster brothers, and to 
erist t the same types of food and wear the 
r same types of clothing as their asso- 


N ites. In other the 
ies from Africa to be brought up as 


words, suppose 


nearly like English babies as their own 
dular .onstitutions would permit, and suppose 


| the babies from England to be brought 
r ip as nearly like Africans as possible. 
rat What would be the result? We have 
mad nough data from actual transplantation 
t « breeds to enable us to predict a large 
part. 

t We can be certain that the adopted 
ldren will be modified in many par- 
thos ticulars towards the types of the foster 
Afr breed. The babies from Africa will, 
it its when they grow up, differ from the En- 
T elish less than Africans brought up in 
‘IN Africa differ from English. They will 
) speak English; they will have English 
less interests, attitudes and manners; and in 
their thinking processes they will be 

str somewhat, at least, like the English. 
ne- On the other hand, we know that in 
S as ertain characteristics they will still be 


ittle, if any, modified from the type of 
1 | the original breed. They will still be 
black; their hair will still be woolly, 

their lips thick, their legs long and their 

In almost all 
anatomical respects, and in some physio- 

IS} logical respects, they are still Africans. 
Apparently, then, we have two con- 

trasting sets of personality traits. On 

hand, the physical, not affected 
environment, but determined 
by heredity ; on the other hand, 
the mental, very markedly determined 


es sweat glands peculiar. 


the one 
the 
entirely 


n by the environment, relatively little by 
heredity. 
rht This statement would have been ac- 


ago, but to-day 
denial with it. 


ceptable a decade or two 
its very form carries its 


t To say that certain traits are determined 
na by heredity and others determined by 


environment is to speak in terms of a 
g mythical heredity and a mythical envi- 
n- ronment which have gone the way of the 
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First: every characteristic or trait 


modification is as much a produ 
environment as is any oth In} 
therefore can the effect of heredity | 
said to be greater or less than the eff 
of environment; and vice versa 

Second: differences in absolute m 
surements of traits dependent on differ 
ences in environment may be said to be 
great or small in relation to the « 
mental differences only in terms of t 
importance ascribed to the differences at 
the time; and this importance is a | 
changeable matter. For example, a 
change of one per cent. in the shade of 
the skin (that is, in the ¢ t of 
light absorption) may be said to b 


small, and a change from 


of eating and deportment to Englis! 
manners may be called large. But 
means that the one difference is such a 


happens at the moment to be of no grea 
interest to us, while the other happens t 
affect our attitudes. Really, the two dif 
ferences are incommensurable. Even 


we should compare a difference of 


cent. in skin shade with a difference of 
Do per cent. in length of leg, the two 
differences are still incommensural 


and our practical evaluation on one a 
compared with the other is still sub) 
to reversal as situations change. 
Third: although we may admit a th 
retically possible equivalence of environ 
that the 
environmental pattern may be the sam: 
as the effect of 
tern, we expect actual equivalence to | 
The same hold 
mutandis for hereditary pat 
We expect, therefore, 
a difference in development where 


ments, so effect of a certair 


a certain different pat 
attained very seldom. 


mutatis 
terns. 


; 


) 


in general, 
the 
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environment differs, and a difference in 
development where heredity differs. 
The resultant differences, however, may 
be great or small in respect to the units 
of measurement employed, and they may 
be important or unimportant from the 
pragmatic point of view. 

All this bears on our expectation of 
results in the baby-swapping game. It 
is not probable that the skin color, the 
hair texture and form, the skeletal pro- 
portions and structures or any other 
physical characteristics are actually un- 
affected by the food, climate, types of 
activity enjoined and the other environ- 
mental influences in infancy and youth. 
Variations in these features may be 
practically negligible in the case of our 
swapped babies, but we can not assume 
that they are not present. On the other 
hand, in the traits which are said to be 
greatly modified by the environment— 
speech, manners and the mental proc- 
esses generally—we have no warrant for 
supposing that our swapped babies be- 
come actually of the type of their foster 
folds, although in certain features the 
differences may be negligible. 

In other words, our Africans have a 
certain inherited endowment, which is 
nothing fixed or absolute but which is 
merely the potentiality of developing in 
another, more or less different, way in 
another environment. The English en- 
vironment has, in general, an effect 
which differs in an important way from 
the African. It shows strikingly in the 
mental traits. On the other hand, the 
Africans and the English have different 
potentialities of development in the same 
environment. It shows strikingly in the 
physical traits. But we have as yet no 
reason to suppose that both the results of 
differences of environmental effect and 
the results of difference of endowment 
do not apply throughout the total range. 
Our adopted babies from Africa will not 
be English, either physically or men- 
tally, and our adopted babies from 





England will not be Africans, eit 
physically or mentally. 

Now let us take another suppositi 
Suppose that instead of swapping babi 
we could merely swap brains. We w 
have African babies with English br 
brought up in the normal African 
and English babies with African br 
brought up in the normal English 
Of course this is a little more dr 
supposition than our first one, for 
have at present no way of performi 
the operation; but the suppositi 
What would | 


nevertheless useful. 
result of the brain interchange?! 

In accordance with the theory | 
advanced, there would be no effect 1 
soever, so far as the development, 
havior and mentality of the individu 
are concerned. The English babies vy 
Wolof brains would develop into E 
glishmen indistinguishable, by any n 
surements, from ordinary English: 
of the same type and environment 
Wolofs with English brains would 
come thoroughly ordinary W 
There is just one exception to be m 
The transplanted brains, after matu 
might still retain, for theoretical 
lute analyses, something of their oriz 
nal characteristics, if there really 
any essential differences between W: 
and English brains in their early 
bryonic stages. But these hypotheti 
vestigial differences would be devoid 
consequences in any other parts of t 
organism or in the actual functioning 
the brains themselves. 

These inferences are based on 
assumption of brain transfer at a ver) 
early age. I am not attempting 
speculate as to the limiting age in t 
embryo or fetus. If now we should con- 
sider the effects of transplantation at 
late age, the results would be ver 
different. 

The brain of an adult Wolof, 
miraculously transplanted into the sku! 
of an Englishman, would not serve th 
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Englishman at all adequately. Neither 
would the Englishman’s brain serve the 
Wolof. The two brains have received 
radically different training and have 
ndergone different development, and 
are hence differentiated in ways which 
very probably can not then be reversed. 
To what extent the adult brain could be 
retrained I am not able to guess. There 
is warrant, however, for the belief that 
the years of infancy and childhood are 
the years during which the foundations 
laid for all further training. 
It will be understood, of course, that 
the transplantations I am describing are 
put forward merely for the purpose of 
sharply outlined illustrations. Although 
is by no means impossible that such 
transplantation might be made in the 
embryonic stages, nothing in my hypoth- 
esis depends on the possibility of such 
an operation. 

Theorization of the sort involved in 
the hypothesis of brain superpotentiality 
may seem, at first glance, a futile form 
of amusement. I do not think it is. 
Quite aside from the physiology of the 
brain, the modern progress in psychol- 
ogy has been from dependence on as- 
sumed central factors determining men- 
tal development towards more intensive 
search for peripheral determinants. In 
this statement I am obliged to use two 
terms implying physiological reference. 
That is because our habits of making 
such reference are solidly fixed. The 
distinction can be stated in other words, 
but not so sharply. There is no doubt 
but that our purely psychological data 
and the view-point to which they have 
led us imply a cerebral theory such as I 
have outlined. For the critical evalua- 
tion of our psychology, it is necessary 
to recognize this clearly. We have left 
behind us, in America, the psychological 
constructions of Wundt, Titchener and 
Thorndike. Most text-books of psychol- 
ogy still talk of stimulus and response 
in archaic fashion, as if a spot of light 


falling upon the retina were the total 
stimulus resulting in an action limited 
to the contraction of the triceps muscles 
But most text-books of psychology ar 
epitomes of discarded theories and ex- 
ploded facts, and the primary work wit! 
graduate students is to purge them 
the rubbish they have learned in elemen- 
tary courses. 

For nearly a generation, the facts of 
integration have been recognized. We 
know that human animals respond, not 
to limited stimulus applications, but 
patterns. We know that the important 
characteristics of the stimulus patterns 
are both spatial and temporal. Whi 
it is over-generalization to say that 
the receptors participate in every r 
tion, that is the actual limit. Illustra 
tions of the pattern characteristic ar 
too simple and omnipresent to Justify 
dwelling on them. Likewise, it is an 
over-generalization to say that all eff 
tors participate in every response, but 
it is not much of an over-generalization. 

The fact that patterns are the real 
stimuli has been recognized in certain 
special cases for centuries. It is emphat 
ically indicated in Stratton’s classic 
experiment to which I referred above 
But this fact was not brought forward 
as a basic fact in all experiences until 
the last generation. For this delay two 
things were responsible. First, the 
vival of the doctrine of sensation: mental 
elements out of which whole perceptions 
were supposed to be compounded, and 
from copies of which, properly fitted 
together, ideas were formed. William 
James started the revolt in America 
against this synthetic doctrine, but the 
weight of two schools of psychology, 
clinging to established formulations, has 
kept many simple followers to the old 
faiths. 

The difficulty of fitting the integration 
or pattern facts to the old brain theories 
was another strong deterrent to prog- 
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ress. Stimulus patterns as units of 
stimulation and action patterns as units 
of action require neural patterns as 
units intermediate between stimulus and 
action. This refuses to fit the old the- 
ory. Moreover, although sensory quali- 
ties may be analyzed out of the objects 
of perception, and localizing something 
called sensation in the brain may serve 
as a temporarily satisfying physiological 
scheme for them, relations are just as 
real analytic results in our perceived 
world, and where in the brain are their 
psychie substitutes to be localized? 

The development of perception is 
clearly a matter of progressive integra- 
tion, in which the responses are due to 
various stimulus patterns in which the 
entire substitution of visual for audi- 
tory, auditory for tactual and so on is 
permissible. Under the spell of the 
localization theory, this was forced into 
a childlike play-scheme of the aggrega- 
tion of sensations and images, in which 
images were changed into sensations and 
vice versa as the explanation demanded. 
This could not last. The obvious need 
for psychology is to discover, recognize 
and formulate the laws and principles of 
perception, thinking and feeling. If the 
facts do not fit the theories of brain 
physiology, then the theories must be 
remodeled to fit the facts. 

In Germany, the same process is under 
way, somewhat belatedly. Gestalt the- 
ory is a belated recognition of prin- 
ciples which have been accepted as mat- 
ters of course by progressive American 
psychologists for twenty-five years. 
Like all belated movements, the Gestalt 
theory is very much confused, and suf- 
fers too at present from an exceptionally 
bad attack of substantivitis: the belief 
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that when one has assigned to a 
of phenomena a class name, like ins 
one has thereby explained th: 
nomena—a disease by no means ¢ 
to Gestalt. 

The Gestalt movement is wit 
doubt helpful in stirring up th 
bones, and even in America seems 1 
useful to the psychologists of th: 
solving schools who had failed t 
note of the progress seething just 
side their scholastic walls. The m 
views are in the way of universal ad 
tion, and retrogressive movements 
as behaviorism and psychoanalysis 
not seem to have had any serious det 
rent effect except in confusing the 
man as to what is going on. 

It is, however, just as important 
brain physiology as for psychology 
take stock of changing situations. T 
are two aspects of brain physiology: 
the chemical and electrical 
neural processes and their relations 
the histological findings; the other, 
interpretation of histological data in 1 
light of psychological facts and theori 
The first makes progress slowly, and t 
second constitutes 95 per cent. or 
of what passes for brain physiology 
text-books and lectures. The apparent 
rapid progress is most frequently 
blind alleys, because the interpretations 
are based on outworn psychological 
ories or hastily assumed fact. Br 
physiology, in the second or usual sens 
is distinctly dependent upon psycho! 
hence the modern psychologist must 
actively interest himself in this field a1 
not accept in simple faith the constru 
tions based on the incomplete psycho! 
of the past, or those of psychologica 
inexpert theorists of the present. 


study 














EARTHQUAKES, A CHALLENGE TO SCIENCE 
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By Commander N. 


‘ EF, D <10ON OF ERRES 

~ OAST AN 

is customary to think of the earth 
in terms of destruction and loss 


The damage due to the earth- 
se is in some cases overshadowed by 
damage due to fire which the earth 
ke has started and whose extinction 


s prevented by damage to the water 
system. 

: From the view-point of the seismol 
vist the destruction caused by an 


arthquake is of secondary importance, 


vhether it is the result of the shaking 
r of the fires. 


science should be to benefit 


However, since the aim 
mankind 


ind since the urge to scientific investi 


comes in the first instance from 


vation 


the desire to reduce or prevent loss of 


ile and proper to em 


yhasize this feature of the earthquake 


property, it 1s 
} 
problem. 

In addition to the obvious possibilities 
f damage to cities and towns, there are 
number of less obvious kinds of dam 
age which have caused heavy loss in the 
United States in the past few years. 
illustrate the 
earthquake 


hese serve to possible 


ramifications of investiga 
tion, now that most of the earth is either 
inhabited or put to the use of man. 


One of these is the causing of land- 


s 


ides along railroad lines and highways 
through sparsely settled regions, a mat- 
r of importance on the 
rge amount of mileage along the bot- 
the 
(his was best exemplified in the earth- 

ake of June, 1925, which brought a 
vreat rock slide down on the tracks of 
the Chieago, Milwaukee and St. Paul 
Railroad in Montana (Fig. 1 This 
ocked a tunnel entrance for nearly a 
ionth and occasioned great expense for 
ts removal. More serious loss was nar- 
wly averted as one of the crack trains 


account of 


tom or on sides of steep slopes 


A 
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had pulled clear of the track covered by 


the slide less ft] 


The breaking of 


marine earthquakes has occurred in re 
rions such as the Caribbean Sea. since 
cables were first laid However, the 


only place in the North Atlantie Ocean 


where cable breaks from such causes 
might have been anticipated was The so 
called Telegraph Plateau, a ridge in 


mid-Atlantic which extends almost from 
the Arctic to the Antarctic 


earthquakes have oecurred 


and where 
and will 
However, 


surp! 


probably continue to occur 


sed 


were rreatly 


November 18 of 


seismologists 


when on last vear 


there occurred a great earthquake in 
the vicinity of the Grand Banks of 
Newfoundland, which broke ten out of 
twenty-one cables crossing the area 
Most of these were broken at more than 
one point, and while in a general way 
the principal breaks were within a circle 
about 125 miles in diameter which con 
tains the epicenter of the earthquake 


breaks were far to the 


many of the 


south. No adequate explanation of the 
wide-spread breaks is as vet aval able 
They did not all oceur at the time of 
the earthquake, but some of them were 


The 
cable companies has been heavy in loss 
of tolls 


several hours later. loss to the 


and in cost of repairs, which 


were exceptionally difficult in the winter 
season. 
It is, of course, important to know 


whether or not the persistent reports of 
bottom correct It 


changes in sea are 
is almost impossible to settle this ques 
tion because of the inadequacy of earlier 
surveys. However, the the 


U. S. Coast which engaged 


vessels of 
Guard 
in the International 
taking 


are 
Ice Patrol are now 


acoustic soundings en route to 
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more distant than at nearer 





Since the velocity of such a 
fixed by the depth of water, it was 
sible to deduce a position for the 
of the wave which is not great 
ferent from the adopted epicent 
the earthquake. 

Much the greater number 


quakes occurring throughout thi 





can be associated with mountain ©& 


remembering that many island @ 





simply represent the tops of subme 
mountain chains, and also consid 
that the submerged ocean troughs 
parallel mountain chains are i 
Way associated with them. Eartha 
of this type occur all around the 
of the Pacific Ocean and elsewher 
There are, however, many 
quakes (and this is especially tr 
North America) which have no 
ent connection with mountain build 
and which have occurred in p 


where the surface geological condit 











DUE TO EARTHQUA » BLOCKING RAILROAD, 





) and from their sea stations to Nova 


Scotia, where they base during the ice 








. berg Season. 
A rather rare event for North Amer- 
ica was the destruction of life and prop- 
erty on the coast of Newfoundland by a 
‘ tidal wave, which was most disastrous 


at Placentia Bay. There seems to have 
been an exceptional piling up of the 
Wave owing to the peculiar form of the 
harbor entrance, since at Sable Island 





much nearer the place of the earthquake 
there was no report of a tidal wave. At 


most points in New England a heavy gale Hl 
. " . . + ai 
was raging and the seas made it impos- SOU EE SE EE _SE EASES OR 2a. 


FIG. 2. TIDAL WAVI 


sible to distinguish earthquake effects. 


However, it was recorded on tide gauges FROM GRAND BANKS EARTHQUAKE OF NO 
on the outer coasts of New Jersey and 18, 1929, recorpep ar OcEAN Crry, Mar 
INDICATES NO 


Maryland (Fig. 2). It is interesting to Broken LINE aT MAXIMUM IN 
note that the wave arrived earlier at TIDE. 
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at Cillt to the r SOT lor ther inspect ' ; thy, © 
rrence ndicat x 
ine of the most interesting of thes quake. but di nes 
the New Madrid earthaua Ke ol the Tact that 1 reo , x 
which centered near a place of buried mount with at, 
name on the banks of the Missis formation mol bn ee ee 
River in southeastern Miussoum with earthau . 1] 
by itself was Classed as one ot plain 
twenty vreatest earthquakes ! | has bh R 
vn history and which was followed earthquakes 
o other great shocks in 1812 whiel with deep ti . \) 
almost ot the same lh tensity 1 mil =< 1 ’ 
vity continuing Tor nearly a year coast of Mey and Cent 
shock was very severe and Was hel Was tory 7"T 
sharply at Charleston, South Cai 1924 bv t st rG e of t 
and savanna! Creorg a. but the Tea and Geodet Nore, > 
ot greatest bnportance was the tor nes (Fie. 3 \\ 
n of the so-called Sunken Countt abies tm thie «al 
rea of 50,000 square n Ss whicl te! rds res , ae 
throug! \ To el rie ir] ‘ SeIS] 7 bye 
raised a similar an nt above the a sper effort was} 
us level (one f results was try : . 
formation of Reelfoot Lake in Tet n this troug! A numbet 
essee and chanees in the drainage SVs and sine t} ti) . 
m of the St. Francis River. While earthquakes evet rit 
country was very sparsely settled siderable seis ti\ 
d there were few people to report thy These different tvpes 
anges, there is evidence of various serve tl purpose of istrat 
rts, as the drowning ol cypress trees quakes present mal ‘ ile? 


establish the principal facts Kart] ence Some T These 
iakes have been felt in this region 

robably every vear from that time to 

s, and in several of the more severe 

ocks moderate changes in level ove 

ited areas are reported to hav 

curred 

Equally difficult to explain is_ th 

rthquake at Charleston, South Caro 

a, in August, 1886. There were no 

anges of level, but the intensity was 

wn by the twisting of rails and the 

rmation of sand craterlets The prin _— 
pal interest in this earthquake from e i 
e view-point of the seismologist 1s 
at it occurred at all 

A relatively unimportant earthquake 


one of considerable interest was 


it which occurred in the Panhandle FIG SUBMARINI ROU 
Texas in July, 1925. Here, again, AND 0 
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others have not been met at all, but in 
most cases the condition is intermediate 











































these extremes. 


first 


between 

The challenge the of 
earthquakes. This is intimately related 
to the history of the earth, and if we 
had the complete answer we would have 
the key to much that is obscure in that 


is Cause 


history. For many years earthquakes 
and voleanoes were closely associated in 
the public mind. We now know that, 
while they are related, and all volcanic 
outbreaks are accompanied by earth- 
quakes, all the greater earthquakes oc- 
cur in regions remote from volcanoes 
or if in voleanic regions at a time when 
the active. In the 


great Japanese earthquake of 1923 Fuji- 


voleanoes are not 
yama, an extinct voleano, was strongly 
shaken but was not roused to activity. 
On the other hand, the greatest eruption 
of Vesuvius in recent times was an ex- 
plosive outburst near the same time as 


the California earthquake of April, 
1906. This may have been a coinci- 
dence, but there may have been some 


relation, though if so it was more prob- 

ably in the trigger force which timed 

the events than in the events themselves. 

a It would seem that the 
localized and rather superficial 
nomenon as compared to the earthquake. 
In general, earthquakes are due to 
slipping of two rock surfaces on one 
another, and it is peculiarly helpful to 
the study when this effect reaches to the 
‘ surface. Examples of this are the Cali- 
fornia earthquake of 1906, where hori- 


is a 


phe- 


volcano 


‘ zontal slipping reached as much as 
twenty-three feet; the Yakutat Bay, 


Alaska, earthquake of 1899, where ver- 
tical slipping was the greatest ever re- 
corded on land in historic times, reaching 
a maximum of forty-eight feet; the 1929 
earthquake in New Zealand with vertical 
slipping of twenty feet, and a number of 
Japanese earthquakes, notably the Mino- 
Owari earthquake of 1891, in which case 
the slipping was on a diagonal plane. I 
do not know whether we may assume 





that the amount of the slipping at 
surface is the same as at the origin 
there is certainly a very direct relat 
The observed conditions in Califo: 
led Harry Fielding Reid, of Johns H 
kins University, to propound his elas 
theory 


rebound which is_ briefly 
follows. 

Let us assume that there is a plan 
weakness and one side remains station 
the ot! 
As soon as the strength of the rocks 


H 


ever, there is too much friction and 


while there is movement on 


exceeded there will be slipping. 


regularity to permit this being ace 
plished at once and there are a series 
slips of irregular character which 

turn send out the earthquake waves a: 
account for their irregularity. 

Now in order to study surface eff 
we must have accurate determination 
the positions and elevations of fis 
points in order to know the changes ; 
companying an earthquake and also 
find there 


out whether or not is sl 








creep of crust between earthquakes Th 


Institution of Washingt 
which through its advisory committee 
seismology, Dr. Arthur L. Day, chai 
man, is the chief coordinating agen 
and supporter of t! 
program of earthquake investigation 
California, that this is 
major part of the program. Accor 
ingly through a special appropriation b 


Carnegie 


strong financial 


is convineed 


Congress the Coast and Geodetie Survey 


has accomplished or will in the neat 
future have accomplished the following 


things. It has executed precise triangu 
lation in California and has in so far : 
possible connected it with earlier wo! 

especially that done after the earthquak 
of 1906, so that it has the greatest pos 
sible value in determining changes; 

has connected this work at three plac 
with the more stable seismic regions 

the east and in this connection has rea: 
justed the triangulation of the wester 
half of the country, using a method d 
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ped by Dr. William Bowie, chief of 
division of geodesy, which reduces to 
ninimum the effect of the unavoidable 
| rors on the final results; it has deter 
: mined the position of a large number of 
- monuments in a selected region so that 
e movements at different parts of the 
rea can be studied. A similar program 
as been followed with regard to precise 
evels. The plan includes repetition of 
both elasses of work at suitable intervals 
ws in order to record the changes. 
f No precise triangulation or leveling 
| suitable to the purpose has been done in 
UI the New Madrid region. We know so 
S$ 01 little of the process which brought about 
the lowering of the surface over 30,000 
al square miles that we can not say defi- 
nitely that it was the result of shaking 
ts down of loosely consolidated materials, 
though this is the generally accepted ex- 
planation. If this is adopted, is It likely 
that movements at the origin have any 
ehanee of being reproduced even ap- 
proximately at the surface? These ques- 


he tions must remain unsettled until pre 


cise triangulation and leveling can be 
indertaken over this region. 
the great area involved, detailed investi- 


How ever, 


Owing to 


gation would be a major task 
th, until this ean be done an essential part 
of the fundamental data will be lacking. 

It seems likely that we will have to get 
our information as to what occurs at the 
h origin through the seismograph, and it is 
by no means certain that the possibili- 
this direction have 

Frank Neumann, of the Coast 
ru- and Geodetie Survey, has deduced the 
; direction of the initial thrust from the 
rk . records and has obtained the same azi- 


ar ties in been ex- 


ad hausted. 


muth from records of six stations in as 
many different directions from the epi- 
enter. Also in the case of the Cali- 
fornia earthquake he obtained an azi- 
; muth almost that of the San Andreas 
ault along which the slipping occurred 
Perry Byerly, of the University of Cali- 
. nia, makes use of several phases and 


Pee 








has deduced with even more detai 


direction for the Chilean earthquake 
plane which 


with that de 


slipping in a _ diagonal 
remarkably well 


Willis 


agrees 


duced by Bailey from inspection 
of this region. 

An important problem in regard 
which we have little satisfactory infor 
mation is the course of events leading uy 


The 


that an earthquake o 


to an earthquake Statement 1s 
sometimes made 
without an) 
My 


‘ 


preparatl m of 


curred ‘‘out of a clear sky’’ 
previous activity in the region 
vestigations in the 
earthquake history of the United States 
a few years ago convinced me that this 


the oft the New 


never occurs. In case 

Madrid earthquake, Indian tradition 
and other evidence support the Vit 

that there was another earthquake of 
perhaps comparable severity not mor 
than one hundred years beforé At 


Charleston, South Carolina, there was 
an earthquake in 1857, twenty-nine years 


Records show that 


preceded the ( 


before the great one 
considerable activity 
fornia earthquake of 1906. However, it 
is still impossible to distinguish moder 
ate earthquake activity from that result 
ing in a great shock In the Imperial 
Valley there have been a 


moderate earthquakes which have di 


long series oOo! 


away and at other times a much shortet 
series which resulted in an earthquak: 
of great intensity In February an 
March of this vear there was an occu! 
renee of this sort with considerable dan 
age at Brawley 

It is, 
that the Seismological Laboratory of th: 


therefore, of great importance: 
Carnegie Institution of Washington and 
the California Institute of Technology at 
Pasadena is, with its subsidiary stations 
locating all earthquakes and wherever 
possible associating them with the 

logical formations. Eventually this wi 
lead to a definite history of the events 


earthquake which, 


leading up to an 
though it may not apply to other eart} 





118 THE 
quakes, will at least throw light on the 
similar being 
the 


problem. A 


program is 


developed in San Francisco Bay 


region, through the universities located 
there and eooperators. 

It has been stated that earthquake epi 
centers are being associated with geologe 
ical formations. Sinee the seismometer 
is capable merely of measuring a time in- 
terval between the arrival of phases, it 
is necessary To assume the velocity ot 
transmission, obtained partly from as- 
sumption as to place of origin and partly 
If the 


path of the wave is chiefly far beneath 


on the theory of transmission. 


the surface, the difficulty is less, since 
though there are changes in elasticity 
and density the conditions are much the 
same for all parts of the earth, so that 
the velocity will be much the same for 
the same distance between earthquake 
and recording station for any part of 
the earth. 
However, 


two hundred miles of the point of origin 


when the station is within 
of the earthquake there are likely to be 
appreciable departures of the velocities 
from the the 
Waves pass through different geological 


average values because 
formations and the velocity may differ 
with the direction. One method of at- 
tacking this problem is to measure the 
time of travel from large explosions, 
since in this case we know the point of 
origin accurately, and important earth- 
quake wave theory has been developed 
and confirmed in this way. Earthquakes 
may be and are used, but it is always dif- 
ficult to know the exact point of origin. 

Seismic prospecting is a practical ap- 
plication of this method, though in this 
are associating changes in 
reflections with 
the 


and 


case we 
velocity or the veolog- 
for purpose of 


latter 


formations 
the 


ical 


identifying following 


them beneath the surface. 

Permanent changes of the surface 
have been discussed. The Japanese 
have recently found that a _ definite 
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tilting of the ground precedes by 
strong 
tiltor 


occurrence 


hours the occurrence of a 
quake, and by means of a 


have proved such an 
There is no 


effect 


several earthquakes 
tainty that a 
observed in this country, since in .J 
a tilting of bl 


similar wouk 
there appears to be 


while such a formation either does 


exist or is not a major factor in 
country, but John R. Freeman has 
formed a real 
of the from 
lending it to Stanford 
order to test the matter 
The 


shown in 


service by bringing 


instruments Japan 


Universit 


earthquake 
are P, S 


principal waves 
Kio. 4 and L 
waves are longitudinal; that is, th: 
prog. 
indicated 


bration is in the direction of 
they take the 
tween the earthquake and the record 
The S 


and path 


station. trans\ 
that 1s, 
direction of 


Waves are 


vibrations are normal to 


and the S 


progress, 
follows the same path as the P b 
a lower velocity. L waves travel 


the surface. Many different waves 


sult from reflection and refraction 
P and 8S. The P and S phases 

their reflections are seen in many s 
mograms, but for nearby earthqu: 


we often find two P’s and two WS’s 
fact which must be explained. ‘| 
first, that advanced by Mohoroy 


calls for a_ reflecting laver sixty 
meters below the surface which he e: 
the continental layer because the obs 
vations demanded less thickness ben 
most of the oceans and practically | 
the Harold Jeffr 


has developed a theory wi 


beneath Pacific. 
Fig. 5 
is in agreement with the probable \\ 
transmission characteristics of the la 
affected. 
ity at ten and thirty kilometers 


He has lavers of discont 


respectively with different physical 
ditions for each layer and for the reg 


below the lower layer. 
The next fact to be fitted into the } 
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ILLUSTRATING 


but it is still more so when we consider 
that it has been maintained in spite of 
a constant exchange from mountain to 
mate- 
This 
implies adjustment and, in general, this 
must go on mainly near the base of the 
column where the material is relatively 
plastie or will respond to long-continued 
It is quite con 


lower levels of vast amounts of 


rial by erosion and sedimentation. 


stress without rupture. 
ceivable that stresses in the upper part 
of the column may build up and have 
to be relieved in such a way as to cause 
earthquakes. This is not set forth as a 
complete explanation of 
and all that we are justified in main- 
taining is that all earthquakes should 
have their origin above the depth of 


earthquakes, 


compensation. Occasionally it is held 
that 
deeper origin, but for the vast majority 
it is certain that their depth is very 
much less. 

In order to have any conception of 


one type of earthquake has a 


earthquake causes, it is necessary to 
know at what depth they occur. Un- 
fortunately the information is very de- 
fective, since only in some parts of Eu- 
rope are conditions such that accurate 
determinations can _ be There 
must be a number of stations with suit- 
able instruments within a few hundred 
miles of the earthquake; there must be 
instruments for recording the vertical 
component, and the time must be accu- 


made. 


THEORY OF 


ISOSTASY. 


second iy 


rate to the tenth of a 
large number of European earthqu 
the depth has been found to range f: 
kilometers, thi 


forty-five to sixty 


there undoubtedly are a very g 
many at less depth and some of 

smaller ones may be very near the s 
face. 1 do not feel that there is as 


sufficient information on which to b 
a discussion of the place of earthqu 
origin in relation to the various la 
that have been mentioned. 

Now if the origin is at these consi 
able depths it is difficult to see how 
**trigger act. H 
ever, it is practically certain that in 


so-called forees’’ 
case of many earthquakes a state of 
stable equilibrium continues for a 

time until some sudden action of a \ 


than those wl 


much smaller force 
involved in 
about the 
forees may be due to an exception 


to the sud 


are 
brings 


high tide on the coast or 


melting of a large mass of snow 
more generally to sudden change 
barometric pressure. The great J 


earthquake of 1923 was ac 
panied by a severe typhoon which 
have fixed the time of 

While we are considering the uy 
layers of the earth’s crust there is 
other form of wave action which is 
portant. The so-called long waves | 
through the layers near the surface 


hese 


its oceurr 


the earthquake its: 


occurrence. su 
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usually are of such long period that fined and is about 2.900 kilometers be 


they extend sufficiently far below the 
surface so that local variations of geo 
logical conditions have little or no effect. 
Their velocity, however, responds to the 
average conditions of the layer through 
which they travel. It is. therefore, of 
interest to note that the waves speed up 
18 to 20 per cent. beneath the Pacifie 
Ocean as compared to continental paths, 
and this can be explained only on the 
assumption of greater elasticity which 
in the 
higher 
qualitative manner 
from the 
The question as to whether the other 


rock is associated with 


This 


case of 
confirms in a 
the 
theory of 


density. 
conclusions 
drawn isostasy. 
ocean beds have the same velocity as the 
Pacific or an intermediate value is not 
vet finally settled, though the propo 
nents of the theory that the moon was 
derived from the Pacific 
the Wegener hypothesis of continental 


basin and of 
drift generally assume that the values 
are intermediate. 

Now roing deeper into the earth there 
is much to be learned from the behavior 
f seismic waves, but I will merely point 
it the evidence for the generally ac 
epted view that the central portion of 
he earth is in a condition more rigid 
an steel and yet liquid in so far as 
'ransmission of 


waves is « meerned 


Fig, 7 


The boundary is sharply de- 


neath the surface. The discovery of the 


core was due to the sharp changes that 
take place both in the travel times of 
when 


waves and in their characteristics 


the point Is reached, and passed, where 


the waves graze the core. The other 
evidence is that the recorded phases 
from distant earthquakes can be ex 
plained only on the assumption that 
transverse or S waves do not pass 
through the core. The situation is ac 
tually somewhat complex, as both P 
and S waves reach the boundary and 
each separates into P and S waves 
Only the P waves pass through the 
core. When these P waves pass through 
the core and again reach the boundar) 
each is broken up into P and S waves 
and may reach the surface in either 
form. The condition of the core is d 
duced in part from the velocities whic] 
must be adopted to fit the observed con 
ditions 

In presenting this general picture 


has been necessary to omit a number of 


subjects which are of interest chiefly to 


the seismulogist With the principal 
problems and accomplishments set fort] 
the next thing is to see what are the spe 


elfie problems in the United States and 


what is being done about them The 
present is a particularly suitable time 
for such a review because it is little 
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FIG. 8 KNOWN EARTHQUAKES OF THE UNITED STATES 
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FIG. 9 SEISMOLOGICAL STATIONS 
OF THE UNITED STATES AND ADJACENT CANADA CROSS-HATCHING INDICATES AREAS OF 


SEISMIC REGIONS. 
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WOOD-AN DERSON 
SEISMOMETER 


TORSION 


than five years since wide-spread 


ext five years are going to be of great 
portanee in establishing this work in 

ts proper place 

distribu 


The map (Fig. 8) shows the 


n of all earthquakes strong enough to 
felt from the earliest times to th 
sent. While principal activity is con 

ed to definite regions, especially the 
New England region and adjacent Can 
the central region and the Pacific 
Const 


region, there has been activity in 


irly every state, and any institution 
ch contemplates the installation of a 
that 


recorded an 


tion can be assured 


sooner or 
ter there will be earth 
ike at no great distance 

rhere are now or soon will be in the 
ted States, including those new sta 
s where the instruments are actually 
ler construction and are recognized 
stations for re 
These 


operated by the federal government, 


fourteen 


nirst class. 


lung earthquakes (Fig. 9 


universities and colleges belonging to 
Jesuit Seismological Association and 
ther universities There are other 


} 


titutions where the instruments were 





rest and activity developed, and the 


\K ES 1 


S S . 

} } . . . 
{ 

Ilo 5] S 

stab ~ ) } ~ ~ 


( r) It S naues nal 
the best ins ! ! rt 

rthau ~ por ! " 

ris I l I ! ~ 
Tremety shol ives I 
nearby ear ‘ rani We ! 
the | _ yn) Standards. has 
veloped ar r tvp nstrumet 
ter suited to the more distant 
quakes (Figs. 11 and 12 ! ~ 
strument t S ( lass ries 
the motion he support ho 
the coil causes it to move in a stron 
macnet hneiad nd the eurrents s ’ 
are recorded by n ns of a gvalvanol 
This general idea s dev 1 | 
Prince Galitzin, of Russia, but the We 
ner instrument has a considerab nu 
ber of advantages Another instrun 
is the MeComb-Romberg, developed | 
H. E. McComb, of the Coast and G: 
letic Survey vhiel neludes 


modified from on: 
Romberg, of the University of Texas 


preventing etfects of slow tiltin: 
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FIG. 12. RECORD PRODUCED BY WENNER SEISMOMETER 
ground from affecting the records. This is particularly useful. As yet t! ( 
instrument, while a modern seismometer, places where such work is dor 
has smaller magnification than those that Washington, D. C Louis, Miss 


have been described and is, therefore, 
well adapted to recording strong shocks 
and also to recording earthquake phases 
more clearly than sensitive instruments 
when microseisms are severe. 

One justifiable European criticism of 
American stations is the lack of instru- 
for the vertical 


Since earthquakes are a three- 


ments recording com- 
ponent. 
dimensional phenomenon, recording in 
two dimensions is obviously incomplete. 
This is being rapidly remedied at many 
of the stations, especially at Jesuit insti- 
tutions, and such installations will prob- 
ably be made general within a few years. 

The stations described are for the re- 
There 


recor¢ 1 - 


cording of distant earthquakes. 


are important installations for 
ing of nearby earthquakes in southern 
California, in the S 
gion under auspices that have been men- 
tioned and in the Mississippi Valley re- 
the Louis 


and the 


san Francisco Bay re- 


under 
University 
Council. 
The interpretation of records is quite 
as important as securing them, and there 
are fewer persons who are expert in in- 
terpretation than in the securing of 
them. Interpretation with a large num- 
ber of records available for examination 


gion auspices of St. 


National Research 


and Pasadena and Berkeley, Calif 

Now instruments alone can not t 
full cory of the central region wh 
eart «quake is felt. For 
from individual 

While all 
from 


this reas < 
reports observe r 
important. reports a1 


come those eareful and skill: 





servers are much better, and th: 
rather elaborate organization whi ¢ 
ers the United States and Alaska 
organizations include the Coast } 


Res 


the National 
Council through its Divisions of G: 


Geodetic Survey, 


and Geography, the Jesuit Seis 
ical Association, numerous univers 
state geologists and others It is 


tomary to outline the area affected | 
earthquake by so-called isoseismal 
lines of equal intensity. The 
many complications including t! 
proper intensity seale into which | 
not enter, have 
reasonably correct we must have a 


but in order to 


number of records to eliminate w 
tainties. 

When severe earthquakes occur 
part of the earth the news is of int 
and it is often very desirable to kn 
For exan 
several years ago there occurred a g 
earthquake in central China 


onee where they occurred. 
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rh instrumental means this was 
months before the arrival of any 
The position of the Grand Banks 
juake of November 18, 1929, which 


red at } 


u., though the position was be 


00 Pp. M., Was known by 


the sea, and later study did not 
ve the position from the general 
n This IS accomplished by an 


nization which is now almost world- 

of which an important share is due 
\merican initiative and organization. 
code from 


information is sent in 


mological stations in many parts of 


Pacifie 


United States, Canada, 


inds and the west coast of the Pacifie 


{? in 


centers are determined at the office of 


From these the positir is of the 


Coast and Geodetic Survey at Wash- 


redetermined at St. Louis Uni- 
ersity, and the 


en sent out to all who have coope ‘ed 


rton, 


combined results are 
Science Service has an important } lace 

the plan, and bears most of the ex- 
ense. In addition, information is sent 
Europe the night following the oceur- 


nce by addition to the weather message 


sent by the Weather Bureau through 
Arlington. This is rebroadeasted by 
Eiffel Tower. In addition to news 


ilue, seismologists find the information 


iseful in the interpretation of their 
records. 

Work is being done on all the prob- 
ems that I have outlined, but I do not 
wish to close without making it clear 
that the engineering and insurance 


The 


American Society of Civil Engineers has 


problems are not being overlooked. 


id a committee which has collected in- 
rmation regarding types of buildings 
ind struetures which have withstood 
rthquakes. Building codes have been 
mproved and design of large buildings 
special consideration. 


is been given 


Kecently large dams and bridges in re- 


ons subject to earthquakes have been 


designed to resist eart! 


Stanford University is operating a 


shaking table sixteen by ventyv Teet 
which large models structures ean | 


tested Its motions can be made 
simulate an earthquake and a tl ‘ 
needed to make results of very 

value 1s adequate funds for prepar 

and test of structures. Structur 

sign 1S recelving much attention at 
California Institute of echt 


Several en 
attended the World 


gress at Tokyo are greatly 


gineers oO© prominence 
Engineering | 
neerned 
the expansion of the engineering phases 
of the earthquake problem after seein; 


what is being accomplished alo 


lines in Japan 


Insurance problems have received 


good deal of attention from the Nat 
Board of Fire Underwriters and ot 
organizations. It is a difficult problet 
to fix rates which will not be prohibitiv: 


and which will yet protect the co 


panies against a possible major disaste1 


Organization of cities to deal wit] 
major disaster has also received ¢o1 
sideration 

Many things remain to be done, but 
is evident that after 


a period of eon 


parative neglect scientific men in 


United States are awake to the challet 

presented by the earthquake Not vi S 
the effort comparable to that which . 
the pr 


r of astronom) 


been made to solve 


phy SICS ¢ 


fundamental 
nor is the engineering attack organized 


on the basis of the important investig 
tions being conducted under the auspices 
of the great engineering societies. Esp: 


cially are there lacking the numbers 


students upon whom the future of the 
work must depend for effective progress 
However, the program is unfolding, and 
we are no longer dependent on a sever 
interest to the 


earthquake to arouse 


point of action 





MAPS FOR AVIATORS 


By RAYMOND L. ROSS 


ON, ~ OAS 


Wirnu the remarkable progress im ¢1vil ment, and state. county. rai 


Heronautlics, the necessity ror federal mobile and other maps ot 


maps, compiled for the pilot in a rap producers, as well as blu 


1dly moving plane soon became appar various power and hieht compa 


ent Congress provided funds and one of the maps used shows a 
authority in 1926 aggressively to aid and tures needed Data concer 
encourage the development of commer mediate fields and beacon sit 
cial aviation, and the task of making the plied by the Airways Divisio) 


wil 


necessary maps was logically delegated Bureau of Lighthouses. w 
by the Honorable Herbert Hoover, then — tions of airports and auxiliar 
Secretary of Commerce, to the U.S obtained from the Aerona ite 
Coast and Geodetic Survey, with its The first airway strip map 

trained personnel and a modern map on June 27, 1927. and at this ti 
making plant, able to turn out addi- of twenty have been publis 
tional work with a minimum Increase in three others nearine completion 
overhead 


: : : Ti illas ’ } 
In the organization of the Airway Ds UV 


103° Oklahom: 
Mapping Section there is an unusual 104. Wichita 
interlocking of bureaus. Quartered in 105 Kansas 


10 St. Louis 


City 


the building occupied by the Coast Sur 
vey as a unit of the Division of Charts, a ae 
it is also under the direction of the chief 14 ~ eES 
of the Aeronautic Branch of the Depart- B leu 
ment of Commerce, from which funds 9 Buffalo 
for its maintenance are received The 27 ~=Birming 

Atlanta eensbor 


arrangement is comparable to the or- Siete. Mibtien 
ganization of the Airways Division of 30 Richmond Wash meee 
the Bureau of Lighthouses, in its rela 31 Pueblo—Chevenn 

32 Los Angeles—Las Veg 
Las Ve : 
: See : ‘ 3 Milford 
selection of intermediate fields. estab- 85 Salt Lake Cit 


tion to the Aeronauties Branch, having 
to do with the lighting of airways, the gas 
lishment of radio ranges, ete. MS Thelen—Paarce 

At present these maps are produced 
from information gathered from a great These, together with the fifty 
variety of sources, such as maps of the Way maps also published by th 
Geological Survey and General Land Air Corps, are sold by the Coa 
Oftice of the Department of the Interior: Geodetic Survey at thirts five 
Forest Service, Bureau of Chemistry each, with a reduction of ten ce 
and Soils and Bureau of Public Roads, copy on all orders for twenty or 
of the Department of Agriculture ; post They are to the seale of 1: 500,00 
route maps of the Post Office Depart- about eight miles to the inch, 


} ~ 


) 
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ls of topography 
ivs of about eighty 
laveraging 250 miles in lenge 
They are specialized for the use of the 
tor in a rapidly moving plane, who — capita 
st orient himself promptly and has cated 
me to study comple x details Th names 


phasize the relative positions of out usel 


ulness In 
nding topographic features as he sees The altime 
with a limited number of stand indicates | 
ed and easily understood symbols 
scriptive of others. By such symbols 
in readily identify Army, Nevy or ing, making int 


ne Corps fields, commercial 01 and contour ot 


! ‘Ipal fields, intermediate fields ot portance Tl Is Is 


Department of Commerce, marked — lines for every 500 
lary fields, flashing and revolving vation above sea 
‘ons and other lghting facilities, points are also she 
nsmission lines, one track and two or fly at an altitude 
track railroads, electric railroads hill and mountain 
main and secondary highways as __ sired, use the passage 


? 


as the towns. Gireen is used 
With a map tentatively compiled, a altitude and brov 

d engineer makes comprehensive deepest evreen shade 
flights over the entire territory, level to 1,000 feet 
which necessary corrections are shade of brown 


and new features added It is highest altitude 
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feet to the maximum elevation included 
within the limits of the map. A lighter 
green is used to show from 1,000 to 2,000 
feet, while brown tints are utilized to 
indicate elevations above 3,000 feet, the 
brown color being shaded progressively 
darker for 5,000, 7,000 and 9,000 and 
high altitudes. 

The compilation of what will be 
known as sectional airway maps—a new 
undertaking—has now been started, 
since it has developed that over 75 per 
cent. of the annual flight mileage is 
away from the regular commercial air- 
ways. They will gradually replace the 


airway strip maps. The indexi) 
tem will harmonize with the Int 
tional Map of the World, but th: 
of the sectional airway maps will r 
the same as that of the strip 

maps. In a general way, the first 
will cover areas where the strip 


program is complicated by their er 


and overlapping in following th: 
mercial airways. A total of ninet 
section maps will be required to em! 
the United States, although it is pos 
that this number may be somew] 
duced by an alteration of the pr 
along the Atlantic and Pacifie coast 
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A RISE DOWN THE CANYON 


By Professor ELLIS W. SHULER 


the semi-desert 
western Texas, 1s always 
to the 
is everywhere 
ot 
found 


sculpture, in 
ot 


even 


11S 


vreologist 


f the 


trained 


ence a) 


ey id 


power water, vet seldom is 


+ 


be 


0 The deep canvons 


dently cut by stream action, but 
is to be seen not even the smallest 

to do this work 

explanation is the thunder-shower 
the cloudburst This agency, since 
iry soil is not covered over thickly 
vegetation, may produce incredible 
a single storm Down 


tS even In 


dry canyon sweeps a wall of roaring, 
tful flood; then all is quiet and dry 


In 


brief period ot flood more is accom 


eeks, perhaps months of time 


ed than In vears of quiet flow with 


ial rainfall 


IS 


nounced the hot 


the pore! nt Fort 1) 


Ear \ 
storm hi: 
Mountains, althon 
at Fort 
Mr 


vuest 


Davis 
Henderson Pike 
he and 


how 


been caught i 


previous. They had 


Cross 


thinking they could 


water drowned but 


engine was kil 


the 
(one 


car hastily 
wolhnan 
haste 
Then, | Clit 
night around 
while the car w 


wl en 


Such a rise was seen by the writer last Below the old 


mer, and what Is more unusual, he ing which in pr 


Obie 


than 
the 


as able to reeord it In photograph more 


\ seven-foot rise down Limpia.”’ an- after phone 


i 
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INDIAN SHELTER ROCK ON POINT 


this 
interested 


hotel motored to crossing. 
(Future be to 


know that a newly located state highway 


guests 
tourists may 
and bridges will make the canyon safe 
and even more interesting than for 
merly. 

Runners had been sent to warn camp- 
ers, for despite repeated warnings, the 
the 
grassy bottoms along the canyons prove 
at irresistible to the 
motorist. Natives of the region. 


who have seen the phenomena over and 


shade of the cottonwood trees and 
times transient 


Too, 


over again are never quite convineed 


that they can not ‘‘beat the rise,’’ most 
often to their sorrow. 

When the cavaleade arrived, the road 
crossing, a dip, was dry. In making a 
dip the bed of the stream is covered 
Posts 


are erected at the crossing with markers 


with concrete to prevent scouring. 


which show the depth of water running 
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OF ROCK WEST OF FORT DAVIS 
over the conerete slab and thus inv 
the danger of the crossing 

It o.00 PF. M.. the su 
shining. There was nothing to ind 
the of 


and a little boy insisted 


was and 


raging tol 


that he b 


near presence a 
lowed to eross to the other side 

Presently in the distance cam 
of 


sistent. 


but 
b 


waters, not alarming, 
Then 
roily tongue of water down beneat 
cottonwoods. It 


water, but a live, hungry tongue, b 


mur 


came a_ hissing, 


Was not a wWa 


dirty and covered over with bits of b 


It was a filthy and a fearful thing 
see as it ran eagerly ahead of thi 
water 
Then followed the rising flood, 
the canyon bottom. Downward, 
bling and frothing, now 
the middle, then leaping in great bo 
thus the tiger 
down the 


mass. 


arching u} 


waters rus 
the 


yellow 


canyon and over 








RISE DOWN THE CANYON 











DIP BEFORE THE ‘RIS! 
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THE FLOOD IS COME, 











AN ANGRY TORRENT, 5:37 P. M 





A RISE DOWN THE CANYON 








FOSSIL HUNTING IN THE KARROO, 


SOUTH 


AFRICA 


By Dr. ALFRED S. ROMER 


WALKER MUS 


Arrica is famous for 
its rocks produce. 
portion of the 
the Rand; 
diggings have almost a monopoly of the 
But the 


fossils, is 


SOUTH 
The 


world ’s gold iS 


wealth which 
vreatest 
derived from its mines and 


world’s supply of diamonds. 
paleontologist, the student of 
not interested (theoretically, at least) in 
evold or in diamonds, and when he thinks 
of the treasures of South Africa’s earth, 
it is another type of wealth which is pic- 
tured in his mind. Covering half of the 


is a great series of 


of the union 
the 


thousands 


extent 
Series, consisting of 
feet of 


Karroo 


rocks. 


upon thousands of 


sandstones and mudstones 


and 
which, if their total array could be seen 


shales 


at one place would reach nearly six 


miles in thickness. In these rocks there 
is no gold, and in most portions no dia 
But in them are found fossil 
the 


fossil reptiles which peopled the earth 


monds 


riches remains of many kinds of 


nearly two hundred millions of years 
It is of a fossil colleeting trip to 
Paul C. Miller, Walker 
Museum's veteran collector, and myself, 
that | 


But it is perhaps necessary to explain 


avo 
these beds by 


wish to tell. 


why we had wandered so far afield, for 


other continent has such a great 


of fossiliferous rocks as has North 


no 
range 


America. Our own deposits contain 


vertebrate remains of almost every 


period from the remote Age of Fishes to 
the lee Age just behind us. 

In this series of fossiliferous deposits, 
there is one great The 


however, gap. 


major part of the Permian and Triassie 
thick- 
nesses of strata, but these rocks are al- 


periods 1S represented by vast 


SIVERSITY 


the 


OF CHICAGO 


life. Ti 


particularly unfortunate, for thes: 


most barren of vertebrate 
times when crucial developments 


occurring in the evolution of 
animals. 

In the Coal Measures oecur our 
records of the amphibians, the ear 
adventure out ont 


this . 


vertebrates to 


land. Toward the close ot 
there first appeared the reptiles, 
all 


veloped, and in Texas the 
of slightly later 


which higher vertebrates hav 
** red hee “ 
Lower Permian 


have a wealth of primitive rept 
forms. 
But this American re 


with our 


closes for a time. Despite rep 
search, not a fragment of bone has 
our abundant r 
Still highs 
more red beds, of Triassic age, in 


still 
find a 


been discovered in 
of later Permian age 
vertebrates are extremely 
When we 
fossil-bearing strata we have reached t 
Age of Rk 
tiles, and all the varied reptilian grov 
that this 
there on the 
sorts, flying reptiles, water reptiles, « 
the first birds and the early mamn 
all their 
transitional stages, by which the pri 


next ood 


Jurassic, the heart of the 


make interesting 


age so 


; 


scene. Dinosaurs of 


have made appearance. 1 
tive sluggish reptiles were transforn 
into these varied types, are for the m« 
part not to be North An 
ica, and in Europe conditions are lit! 
better. 

But 
ation exists. 
posed of rocks of Permian and Triass 


found in 
in South Afriea a different sit 
The Karroo Series is ¢ 


The lowest part, corresponding 


age. 
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FOSSIL HUNTING 


ssiliferous beds of North America, H.G Seeley, of King’s College, London 
st completely barren. Just at the worked to some extent in this field (dur 
however, where the story stops in present interest in this fauna, howe 
uuntry it is taken up in South is mainly due to the work of Robe 
_and through thousands of feet of | Broom A young Scotch doctor, m 
thickness there are found plentiful interested in the origin of mammals, 
ns of the animals of the middle went to South Africa just before 
pper portions of the Permian and opening of the present century and | 
reater part of the Triassic. Some — spent his life in the udyv of these ear 
se are relicts of the primitive rep ancestors of ours. He has deseribed 


groups. Others appear to be early vast array of interesting types, and ha 


estors of the dinosaurs and other been able to demonstrate tha we 
lian forms; but by far the most in- actually dealing with a group whicl 
ting and abundant animals are a _— structurally antecedent to the man 
ried host of reptiles which belong to Watson, of University Colles 
group leading to our own relatives, the has, through careful morpholog 
rm-blooded mammals les, added dept! 
fhree quarters of a century ago frag by Broom, while Ha 
of bones from this region at African Museum 
“l the eve of a military engineer Survey of the w 
lding roads across the interior of much to our know! 
ipe Colony and were shipped to Lon Walker Museum 
m to be examined by Sir Richard Chieago has long 
wen He, despite antipathy to the Permian vertebrates More 
en newly expounded Darwinian ideas, dozen trips to the Permian 
not help admitting that the Texas by Miller have vielded 


as «lt 


reater portion of them appeared to be amount of mater 
presentatives of a group of reptiles by the late Prof: illiston 


termediate in structure between the students and w 


rimitive reptiles and mammals Later our knowledge 





FIG. 1. A TYPICAL KARROO LANDSCAPI 
A BARREN, GRASSLI ‘LAIN. THE NIEUWVELDT MOUNTA 
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DOWN ON MILLER ALONGSIDE A PAREIASAUR SK 
brates ‘e have wished to expand the taining supplies, a light truck 


museum's work in this Permian field. as important—advic We fo 


But, as we have seen, this has been im scientific colleagues in Sout!) 


possible in America. Our eves for years most helpful. Dr. Haughton 
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of an anonymous Chicago citizen, finally terior, where there was then inte! 
to make the venture. tent fighting with the natives. Fart 
We landed last April at Cape Town, inland, the roads fade out. The 1 
where we spent nearly two weeks ob- highway between South Africa’s 
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THE 
PRE : 


a 


THE SKELETON OF A 
PAREIASAUR 
Broom. 


AS RESTORED BY 


and uneouth reptiles, a dozen feet or so 
in length, relicts from the primitive rep- 
tilian fauna and fairly closely related to 
of 
There are already two mounted skeletons 


some our earlier American types. 


of these curious creatures, one in Cape 
We obtained 


two nearly complete specimens, as well 


Town and one in London. 


as a large amount of more fragmentary 
(one to 
other, 


material. skeleton we hope 


mount in natural position; the 
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hibited as a slab mount, lying 
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the 


lacking part skull, 
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rock, 

The life 
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restoration figured is inae 
of the general appearance of one of these 
The best 
comparison that can be made is to im- 
toad 
four 


large and uncouth creatures. 


agine a horned from our western 


deserts about yards in length. 


These reptiles were harmless herbivores, 
subject to attack from carnivorous ene- 
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disarticulated. The suggestion has b 
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mudstone matrix. 
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FIG. 8.§ WINTER COMES TO SOUTH AFRICA 
SNow IN THE NIEUWVELDTS, BEHIND OUR CAMP. 


tons been discovered; and we were not 
fortunate enough to find a third excep- 
tion to the rule. It is generally believed 
that these forms lived ordinarily in the 
higher land surrounding the swamps in 
which their remains were buried, and 
that the remains which we find are those 
of carcasses carried down by streams 
and broken up on the way. 

After more than a month at our first 
camp we moved some fifty miles farther 
north to Hottentot’s River. We were 
still in the same zone, but close up under 
the Nieuwveldt Mountains, which rose 
some three thousand feet above us to the 
north of camp. The place owes its name 
to the fact that this district was still 
retained by a Hottentot chief after most 
of the adjoining districts had been set- 
tled up. One MePherson, happening by 
after taking Scotch leave from his ship, 
married his daughter and inherited the 
farm. But Seotch thrift is becoming 
somewhat diluted with the passing of 
several generations, and we understood 
that the local villain holds a mortgage 


on the place, and by now may have fore 
closed on MePherson’s somewhat dusky 
descendants. 

Collecting here was excellent, includ 
ing a second pareiasaur (the one fig 
ured) and many other finds. We wer 
especially fortunate in finding an un 
usually intelligent Hottentot herdsman 
He had roamed these hills for years wit!) 
the sheep, and knew every stone on th: 
place. When we finally got him to un 
derstand what we wanted, he and hi 
small son were able to lead us to man 
good prospects, saving us many days o! 
search. 

Our memories of this region, however 
are Somewhat embittered by the weather 
It was July, in Africa. But July is, o 
course, midwinter in the southern hemi 
sphere; we were in the south temperat: 
zone, rather than the tropics (at about 


the latitude of El Paso) and in the 
mountains as well. Snow might have 
been predicted; and snow came. The 


natives told us that it was the worst 
storm in fifty years, but that was chill 
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FIG. 10. RESTORED SKELETON OF A 
DICYNODONT (AFTER H. 8. PEARSON). 


comfort to us as we huddled about our 
fire, and we were only too glad when we 
decided that our bag from there was suf- 
ficient and that we should move on to 
new fields. 

















FIG. 9. A DICYNODONT SKULL (AFTER 
JAEKEL). 


We now went farther north and east 
n the Karroo in among the mountains, 
n higher beds with a changed fauna. 
lere we found very few pareiasaur re- 
nains, and the ‘‘giant heads’’ had com- 
iletely disappeared. Instead, the com- 
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FIG. 11. LIFE RESTORATION OF A 
TUSKLESS FEMALE DICYNODONT 
(AFTER OSBORN). 
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FIG. 12. A GULLY NEAR BETHULIE 
MANY OF THE APPARENT BOULDERS IN THE BO’ 


TOM ARE REALLY NODULES CONTAINING DICYNO 
DONT SKULLS. 


mon fossils were those of dicynodonts, 
**two-tuskers.’’ 

These forms, like the dinocephalians, 
were relatives of the mammal-like rep- 
tiles, with an advanced type of locomo 
tion in which the limbs are partially 
brought around under the body rather 
than sprawled out at the sides in the 
fashion of primitive reptiles. But their 
skulls were grotesque. Amongst other 
peculiarities these strange creatures had 
lost practically all their teeth. In many 
cases there was a single pair of tusks in 
the upper jaw, placed where those of a 
carnivorous mammal should be, but the 
rest of the mouth was toothless, and 
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FIG. 13. THE CYNOGNATHUS BEDS NEAR LADY FRERE 
THIS MORE FERTILE COUNTRY IS THICKLY POPULATED BY ‘‘KAFFIRS,’’ SOME OF WHOSE KRAALS 
MAY BE SEEN IN THE FOREGROUND. 


seems to have been covered in life with 
a horny, turtle-like beak. Some even 
lack the pair of upper tusks. These 
were placed by the older writers in a 
separate group. Later, however, it was 
suspected—and it appears to be true— 
that this difference was often merely a 
sexual one, the male being tusked and 
the female tuskless. 

At our first stopping place in this 
zone, Wagenaar’s Kraal, the people were 
of the pleasantest, the fossils of the 
poorest, and so regretfully we moved on 
to Murraysburg, a little Dutch ‘‘dorp’”’ 
at the foot of the Sneewbergs. Here we 
were, comparatively speaking, in the 
heart of civilization (population 750). 
There was even a hotel. But we found, 
after a brief experience, that our camp 
eots and our own cook’s very limited 
culinary offerings were, after all, not 
bad by comparison. 

Fossils here were plentiful. Dicyno- 
donts large, dicynodonts small, dicyno- 
dont skulls, dicynodont skeletons and 
a sprinkling of rarer things, such as 
skulls of more typically mammal-like 


forms and one tiny skull which, al- 
though only two inches long, is that of 
a type believed to be the ancestor of the 
great dinosaurs of later days. On one 
hillside finds were so plentiful and so 
easily obtained that we had to hire a 
Negro boy to caddie for us to earry 
loads of fossils from the shale exposures 
on the hill to the car. 

Still farther northeast we pushed to 
look into the fossil offerings of still 
higher beds, across the Orange River 
and into the southern edge of the 
Orange Free State, near Bethulie. 
Here we were told that we would en- 
counter remains of Lystrosaurus, an 
aquatic two-tusker, a sort of reptilian 
seal- And we found them, as usual of 
course, in the most unlikely spot. Com- 
ing along the road we spied a small and 
rather poor-looking exposure on a small 
hill, and agreed to stop ten minutes 
or so, before we went on—‘‘just to be 
sure there’s nothing there.’’ There was 
nothing on the bare spot. But just be- 
low was a small gully cutting through 
the beds of shale. Into this Miller, 
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FIG. 14. THE SKELETON OF AN AD- 
VANCED MAMMAL-LIKE REPTILE 
CYNOGNATHUS, AS RESTORED BY GREGORY AND 
CAMP. 


with a nose for bones, promptly 
plunged, to find that what appeared 
to be a large number of boulders in 
the bottom of the ditch were really 
nodules, each containing all or a part 
of the skull of the creature for which 
we were looking. 

The very highest parts of the Karroo 
Series center around Basutoland, an al- 
most independent native state in the 
mountains in the heart of the South 
African Union. These beds contain a 
fauna consisting principally of early 
dinosaurs and their relatives, in which 
we were not particularly interested. 
But below them—and higher in the 
series than we had yet worked—were 
the Cynognathus beds, which we must 
investigate in the hope of enriching 
our collection—all too scanty—of real 
mammal-like reptiles, the theriodonts. 

The beds in which the best-known 
members of this group occur were well 
delimited on our maps. But it is known 
that most of their extent appears to be 
absolutely barren of fossils, and the 
known localities had been so thoroughly 
worked over for specimens of these rare 
forms that it was hopeless to repeat the 
search. On this account we were forced 
to make a stab in the dark and explore 
comparatively new territory. We first 
tried the country about Rouxville in the 
southern part of the Free State. But 
ten days of search in fine-looking ex- 
posures gave us only a few almost 
worthless scraps. So we decided to 
make a final attempt, and crossed to 
the south over the Stormbergs back 
towards the coast to Lady Frere, where 
some of Seeley’s early finds had been 
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located, and where we had somewhat 
better luck. 

These cynodonts are the highest de- 
velopment of the reptilian ancestors of 
the mammals, and show many striking 
resemblances to our warm-blooded rela- 
tives. The whole skeleton, especially 
the limbs, is much more mammal-like 
than in any other group of reptiles, 
while the skull is curiously suggestive 
in many ways of that of such a general 
ized higher type as the opossum. The 
teeth, for example, are differentiated 
into incisors, canines and molars; as in 
the mammals, the head joins the neck 
by two condyles, in contrast with the 
single condyle of ordinary reptiles; the 
nostrils, instead of opening directly into 
the roof of the mouth, as in normal 
reptiles, are sometimes separated from 
the oral cavity by a hard palate. The 
Karroo beds are practically the only 
place where these forms are to be found. 
In later times, the development of the 
dinosaurs seems to have caused the ex- 
tinction of these ambitious carnivores 
all, that is, except that one small group 
which was destined to become the an 
cestors of the mammals. 

We were amazed at the change in the 
country in the Lady Frere region. We 
were now back on the coastal side of the 
range where the rainfall is greater. 
Here we saw for the first time in six 
months grass-covered fields on which 
even a cow could make an orthodox 
living. Further, while our previous lo- 
cations had been in country occupied 
by white farmers, we were now in a 





FIG, 15. A SKETCH RESTORATION OF 
CYNOGNATHUS (AFTER OSBORN 
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native district, with Kaffir kraals all 
about us. Lady Frere is a tiny hamlet 
in which reside the officials and traders 
who deal with a surrounding black 
population of fifty thousand. It proved 
a delightful stopping place. 

It was October by the time we had 
finished our work here, and the time was 
approaching when we were scheduled to 
return to America. And so we shipped 
our last specimens and trekked back to 
Cape Town, headed for home. 


Our collections are safely back in 
Walker Museum where the sound of 
Miller’s hammer and chisel may be 
heard daily as he works on the intrac- 
table matrix. The preparation of our 
finds will be a long and tedious process. 
But in time this will be accomplished 
and we can only hope that their study 
will contribute in some degree, at least, 
to the scientific knowledge of these an- 
cient reptiles that lived so long ago in 
Southern Africa. 
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AN ARCHEOLOGICAL RESEARCH AND ITS 
RAMIFICATIONS 


Dr. A. V. KIDDER 


CARNEGIE INSTITUTION OF WASHINGTON 


For the past fifteen years Carnegie 
Institution of Washington has been en- 
gaged in archeological studies in Middle 
America, the project centering in Yuca- 
tan and concerning itself primarily with 
the career of the Maya Indians, builders 
of the highest aboriginal civilization of 
the new world. The investigations have 
added to our understanding of the intel- 
lectual achievements of the Maya in 
mathematics and astronomy, have served 
to point out strategic areas for intensive 
excavation and, most important of all, 
have aided in establishing, upon the sure 
foundation of a dated chronology, the 
sequence of the principal categories of 
Maya remains. But proper utilization 
of these data, in other words their inter- 
pretation in terms of history, can be 
made only in the light of accurate infor- 
mation as to the biological nature of the 
populations concerned and as to the en- 
vironment in which they lived. These 
factors form respectively the raw mate- 
rial of and the setting for the course of 
historical events, and without under- 
standing of them it is impossible to 
reach valid historical conclusions. It 
has accordingly been necessary to call 
for aid by workers in several non-archeo- 
logical fields. Furthermore, the princi- 
ple that in any investigation one should 
proceed from the known to the unknown, 
which in archeology means that one 
should work from the known present 
back to the unknown past, has induced 
analysis of modern conditions and con- 
sideration of post-conquest history. All 
this has brought about a concentration 
in the peninsula of the following re- 


searches: Archeological work at Chichen 
Itza, under direction of Dr. Morley, now 
in its seventh year; excavation at 
Uaxactun, Department of the Peten, 
Guatemala, under direction of Mr. 
Ricketson, fifth year; hieroglyphic re- 
search by Dr. Morley, twenty-fifth year; 
ceramic survey of the Maya area by Car- 
negie Institution, inaugurated in 1930 
by Mr. Roberts; medical survey of 
Yucatan by Harvard University and 
Carnegie Institution, now in its second 
year; records of the Chichen Itza 
clinic, third year; biological reconnais- 
sance by University of Michigan, Dr. 
Gaige; ethnological reconnaissance for 
Carnegie Institution by Dr. Redfield, 
University of Chicago; studies of Maya 
linguistics by University of Chicago, Dr. 
Andrade, all in their first year. Pro- 
posed activities are historical work on 
the conquest and the colonial period; 
retranslation and collation of native 
chronicles; investigation in physical 
anthropology by the department of ge- 
netics; geological, meteorological and 
agronomic reconnaissances; air survey 
of the Maya area. 

A conference attended by persons 
directly connected with the above activi- 
ties and by certain others who were will- 
ing to give the institution the benefit of 
their counsel was held during January 
at the institution’s field headquarters at 
the ruins of Chichen Itza. The general 
project was reviewed, and the bearings 
of its several phases were discussed. 
Finally, it was possible to formulate a 
number of problems, specific and gen- 
eral, and to lay tentative plans for 
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attack upon them. We venture to sum- 
marize some of the results as an unusu- 
ally clear example of the close interrela- 
tion which exists between historical 
research and the natural sciences. They 
also seem to indicate that coordinated 
attack upon the highly complex subject 
of man’s career offers unusually effec- 
tive means for bringing together, both 
practically and intellectually, workers in 
different branches of natural science 
who, in the ordinary course of their 
studies, would have few opportunities 
for contact with each other. 

Upon archeological questions and 
archeological method we touch most 
briefly. But as Maya history is the 
backbone, so to speak, of the investiga- 
tion, it is necessary to state that the cul- 
ture of this interesting people arose, 
from sources not as yet clearly identi- 
fied, during the first millennium before 
Christ. The peak of Maya progress was 
reached in cities lying at and near the 
root of the Yucatan Peninsula, a region 
which was occupied for at least a thou- 
sand years and which was suddenly and 
very mysteriously abandoned about the 
beginning of the seventh century A. D. 
Although the old home land was given 
up and the country reverted to jungle, 
the Maya persisted on the Guatemala 
Plateau and in the plains of northern 
Yucatan. In the latter area they 
achieved a brilliant renaissance, engaged 
in severe intercity struggles, suffered in- 
vasion from Mexico and were apparently 
upon the verge of complete political 
decadence when the Spanish conquest 
put an end to native civilization. The 
Maya, however, still form the bulk of the 
population of Yucatan, and the thread 
of Maya history therefore runs unbroken 
to the present day. 

Judgment as to Maya origins involves 
many cultural considerations, but two of 
the key problems are essentially biologi- 
eal. The first of these concerns the 
somatological relation between the Maya 


and other aborigines of Middle America. 
It must be answered by the physical 
anthropologist. The second question re- 
lates to maize, or Indian corn, for upon 
that cereal the Maya, and indeed all 
other new world civilizations, were 
founded, as those of the Mediterranean 
were based upon wheat, and those of the 
East upon rice. Hence the inquiry 
shifts to the realm of the botanist and 
the student of plant genetics. The 
archeologist must depend upon the re- 
sults of these sciences for information as 
to the identity and range of the wild 
ancestors of maize, which he requires for 
locating the place of origin of American 
agriculture. The archeologist may per- 
haps, however, in part repay the debt, 
as he has already begun to do in south- 
western United States, by furnishing 
ancient specimens of maize from long 
series of horizons, thus providing the 
geneticist with datable material for cal- 
culating the rate of development of re- 
cent varieties. 

A very important element of Maya 
culture was its remarkably accurate 
calendrical system. The desire to record 
passage of time seems, indeed, to have 
led to the invention of Maya hiero- 
glyphic writing. At all events the 
carved dates of the inscriptions (which 
are decipherable) give us a precise rela- 
tive chronology for the principal ruined 
cities. The details of epigraphic study 
can not be considered at this time, but it 
may be remarked that the most pressing 
question at present is the exact correla- 
tion between the Maya and the Christian 
calendars, a correlation which is now 
approximate, but which, according to 
the best authorities, can ultimately be 
made exact by astronomical and mathe- 
matical studies. In the case of astron- 
omy it is to be feared that archeology 
can make no return for benefits received, 
but to the history of mathematics and 
the philosophy of numbers there are 
offered most interesting materials, for of 
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all mankind the Maya first arrived at 
the concept of zero and first practiced 
positional arithmetic. 

Field and laboratory methods in 
archeology need not concern us here. 
One may say, however, that success de- 
pends upon intensive technological re- 
search leading to recognition of chrono- 
logically significant criteria, ceramic, 
lapidary and architectural; upon deter- 
mination by stratigraphic means of the 
relative age of materials embodying 
those criteria, and upon comparative 
studies to establish the range and to 
evaluate the importance of different 
categories of specimens. 

The results of epigraphy and arche- 
ology can, as has already been said, be 
understood only in the light of knowl- 
edge of environmental conditions. For 
this we must turn to the biologist, the 
geologist, the geographer and _ the 
meteorologist. 

Biological research in Yucatan has 
hitherto been sporadic and of necessity 
superficial. It is hoped, however, that 
the reconnaissance made during the past 
winter by Dr. Gaige may lead to the 
undertaking by University of Michigan 
of an extended ecological investigation. 
The mere stock-taking of flora and fauna 
involved in such a project would be of 
much value to taxonomy and biogeog- 
raphy. It is also absolutely essential to 
the student of man, for it concerns such 
basic matters as the nature and extent 
of resources in game and in food plants, 
as well as animal and vegetable products 
useful in the arts, to say nothing of the 
listing of deleterious factors, such as 
disease-carrying organisms, noxious 
species, ete. There are also less obvious 
questions upon which the biologist can 
throw light. The cenotes, for example. 
These are well-like breaks in the lime- 
stone crust of the peninsula caused by 
collapse of the roofs of subterranean 
water-eroded chambers; Yucatan has no 
surface drainage, therefore in ancient 


times the only permanent water supply 
must have come from the cenotes. Leon 
Cole has shown that comparison of the 
faunas of these tanks can probably be 
used to determine the extent of under- 
ground circulation, a phenomenon which 
has important bearing upon pollution of 
drinking water and so upon health con- 
ditions. Also from the excavator’s 
standpoint the size of the openings be- 
tween the cenotes is of moment in judg- 
ing the practicability of pumping them 
out to recover the wealth of votive ob- 
jects which were cast into some at least 
of them. 

An ecological survey will have all the 
usual value of such work. In addition, 
Dr. Gaige has pointed out certain 
special studies which can profitably be 
pursued in Yucatan. These concern 
adaptations in species, trapped, so to 
speak, in isolated cenotes where they 
have existed under naturally controlled 
conditions for varying periods of time 
presumably approximately measurable 
by geological methods. Another type of 
adaptation is illustrated by terrestrial 
forms, which must have emigrated from 
the humid tropics as Yucatan emerged 
from the sea, and which have fitted 
themselves for life in the arid, subtropi- 
cal environment of the peninsula. Here 
again a time-scale can probably be sup- 
plied by the geologist, and there may 
consequently be gathered data as to rate 
of modification, persistence of traits and 
other phenomena of fundamental genetic 
and evolutionary importance. 

Dr. Gaige has outlined still another 
line of investigation, and in this the 
archeologist can be of assistance. The 
Maya undoubtedly cultivated very ex- 
tensive acreages of corn, for the vast 
extent of their building operations 
argues not only a great population but 
a large surplus of food. Forest destruc- 
tion, either by milpa agriculture or by 
the making of permanent fields, must, 
therefore, have been enormous. Careful 
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plotting of the location and size of ruins 
ean in all probability be counted upon to 
indicate the areas of such denudation, 
while hieroglyphic, ceramic and archi- 
tectural studies will determine its age. 
The biologist may consequently be pro- 
vided with definite regional and chrono- 
logical information for research on the 
succession of floras and faunas and on 
the rate and order of their return to 
artificially cleared terrain. 

At this point the agronomist enters 
the picture. He must pass upon soil 
capacity and former agricultural meth- 
ods. His decisions are vitally necessary 
to the archeologist, for the social and 
economic structures of the Maya were 
molded by their farming practices. And 
the judgments of the agronomist work- 
ing in conjunction with the ethnobota- 
nist will have to be taken into account 
in all researches which touch in one way 
or another upon questions of nutrition. 
For example, Dr. McCollum believes 
that maize is only adequate as a staple 
diet under one of two conditions: when 
there is a superabundance of sunshine, 
or when maize is supplemented either by 
green-stuffs or by the organs of animals 
subsisting on green-stuffs. Now maize 
civilization originated in arid, sunny 
plateaus; it eventually spread to less 
sunny lowlands (as in the ancient Maya 
country at the south of Yucatan); in 
many such regions, presumably because 
of higher returns from agriculture, 
civilization flowered astonishingly; but 
increasing population probably elimi- 
nated game, the Indians were never 
given to raising greens and when the 
Spanish arrived the high maize cultures 
were either dead or dying in every part 
of the new world save in regions of ex- 
cess sunlight. We would not push 
speculation based on these facts too far, 
but such thinking adumbrates researches 
of undoubted significance for the his- 
torian, the biometrician, the nutritionist 
and the student of health conditions. 


This brings us to the medical work. 
Dr. Shattuck and his group from the 
Harvard department of tropical medi- 
cine have now spent two seasons in the 
field. They have made clinical examina- 
tions, have gathered statistics and have 
conducted specific studies of certain 
prevalent diseases. They have found 
the country, for the tropics, unusually 
healthy, but intestinal and respiratory 
troubles prove to be extremely common. 
Yucatan, according to Dr. Shattuck, is 
admirable territory for studying the 
very important and little understood 
tropical anemias, because malaria, which 
as a rule is so abundant and whose 
symptoms overlie and becloud the more 
subtle manifestations of anemia in other 
regions, is here relatively rare and its 
effects can, in a general sense, be fac- 
tored out. As a first step in this inves- 
tigation Dr. Shattuck has undertaken 
the determination of normal standards, 
to be followed by nutritional research, 
checks of the bacillary and amebic dys- 
enteries and of other pertinent factors. 
Extension of the work will lead to con- 
sideration of the whole question of life 
in the tropics, involving the human 
geography of all tropical countries and 
the ability of various peoples to exist 
under conditions of heat and humidity. 
There are naturally involved matters of 
race, of climate, of food supply, of na- 
tive and introduced diseases and of the 
physical properties of the sun and the 
atmosphere. 

General information as to health and 
accurate knowledge of the nature and 
the history of specific diseases are, of 
course, needed by the historian as well 
as by the student of present-day condi- 
tions. The medical man, on the other 
hand, can not carry his labors very far 
without being forced to call upon the 
archeologist for estimate of the location 
and thickness of early populations; on 
the paleopathologist for evidence of 
ancient disease; on the ethnologist for 
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data as to manners and customs which 
influence the spread of sickness, and on 
the biologist, geologist and meteorologist 
for all sorts of environmental data. 

Certain medical investigations are of 
interest to the historian, to the immu- 
nologist and to the student of the spread 
of diseases. Dr. Shattuck found in 
1929, for example, that the Maya In- 
dians were remarkably free from 
syphilis, whereas the Spanish and mixed 
bloods were normally infected. Does 
this indicate immunity derived from 
prehistoric prevalence of the disease, or 
have social conditions acted to prevent 
its diffusion? The matter is being 
looked into this year. The results may 
supply evidence upon the vexed ques- 
tion of the new or old world origin of 
syphilis. Yellow fever, again, has been 
held responsible by Spinden for the 
break-up of the Maya Old Empire; but 
yellow fever is generally thought to 
have been introduced after the conquest. 
The malarias, too, are to-day the single 
worst malady of the American tropics. 
Were they prevalent in ancient times? 
The documentary historian, by scrutiniz- 
ing the records of early expeditions into 
now infested regions, may well be able to 
supply pertinent facts. 

Work in medicine is intimately con- 
nected with that in physical anthro- 
pology, not merely because both sciences 
are concerned with biological aspects of 
man, but because both deal with basic 
problems of race, medicine approaching 
the subject by use of physiological cri- 
teria, somatologists mostly by the meth- 
ods of anthropometry. The recognition 
of pure, or relatively pure, races is dif- 
ficult enough, but when one encounters, 
as in Yucatan, all degrees of hybridiza- 
tion, the task of establishing degrees of 
admixture becomes so complex as to re- 
quire use of every possible category of 
evidence. Anthropometry, however, is 
undoubtedly the readiest means for 
arriving at preliminary classification. 
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An excellent start has been made by 
Dr. Williams under the joint auspices 
of Harvard and Carnegie Institution. 
Eighteen hundred individuals have been 
measured, many blood-samples taken and 
many observations made on basal metab- 
olism. The results, which are shortly to 
be published, should serve as foundation 
for the study, already mentioned, of the 
place of the Maya in the aboriginal pop- 
ulation of America and for identification 
of the particular Caucasian strains en- 
tering Yucatan since 1545, together with 
the various degrees of Indian-White 
crossing. Clinical medicine, genetics, 
sociology, psychology and all other dis- 
ciplines dealing with race-linked phe- 
nomena will directly or indirectly be 
benefited by continuation of this study. 

Geological investigation has not as yet 
been undertaken, so that it is not possi- 
ble to make statements concerning the 
specific questions which will prove of in- 
terest to workers in that science. But 
the findings of geology are essential for 
many other branches of the survey. The 
archeologist must have knowledge of the 
mineral resources of the peninsula in 
order to determine whether or not ob- 
jects found in the excavations are of 
local origin, and to gauge both the 
amount and the provenience of mineral 
imports. The ceramicist must learn the 
extent, location and relative accessibil- 
ity of sedimentary deposits containing 
clays. Questions of soil and of water 
supply are of interest to every one, and 
are particularly important for the medi- 
cal group and the agronomists. The age 
of the peninsula and the rate of its 
emergence are, as has already been 
brought out, of great significance for the 
biologist. 

Climate is still another factor of envi- 
ronment which has to be taken into 
account. The applications of meteorol- 
ogy are naturally legion. Statistics, 
published and documentary, are now 
being gathered, and local records are 
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kept. It is hoped to add further obser- 
vational equipment when a competent 
meteorologist can have looked over the 
field, and shall have consulted as to their 
special needs with the workers in other 
sciences. 

Geographic data are a by-product of 
practically every phase of the survey. 
Together with other statistics they are 
being collected, by means of the dupli- 
eating note-books used by all field men, 
at division headquarters in Washington. 
But just as anthropology occupies a cen- 
tral, synthesizing position among the 
sciences of man, so geography serves to 
bind together those of environment, and 
there is, accordingly, need for associa- 
tion with the project of men trained in 
the latest methods of that science. Par- 
ticularly will they be helpful in the 
planning and prosecution of the air sur- 
vey of Yucatan which it is hoped may 
shortly be made. By means of the plane 
the topography of the whole Maya coun- 
try could be plotted and the distribution 
of its forest types recorded. Parties on 
special missions, biological, geological, 
archeological, could quickly be trans- 
ported and set down on lakes or rivers 
otherwise accessible only to large, expen- 
sive and time-consuming expeditions. 

And so one might indefinitely go on 
pointing out lines of research and their 
bearings upon each other. The difficulty 
lies not in what to do, but in selecting 
what is most important to do, in decid- 
ing how best to do it and in finding the 
men and the means with which to get it 
done. No one institution can possibly 
handle a project so large and so varied. 
If ultimate success is to be attained it 
must come through realization by many 
agencies that the field is a significant 
one, through confidence that it is being 
developed in the proper way and 
through belief that investment of effort 


in cooperative research will bring valu- 
able scientific dividends. 

A few points deserve emphasis. Ad- 
ministrative organization, it is thought, 
should be flexible. Program must not be 
rigid. Individual effort should be 
directed by individual scientific interest. 
Studies should be coordinated, but they 
should be carried on independently, 
should be highly specialized and should 
pursue definite goals within the limits of 
the sciences they represent. Any given 
unit of research so conceived and so 
prosecuted may be expected to con- 
tribute its quota of facts to the corpus 
of information at the disposal of its 
mother science, and it should also have 
influence in development of the meth- 
odologie practice and the underlying 
philosophy of that science. This, of 
course, is true of all proper investiga- 
tions, no matter what their immediate 
aims may be and regardless of where 
they are carried out. But if, as in 
Yucatan, a number of such researches 
be undertaken simultaneously, if they 
utilize the same general body of mate- 
rials, employ the best practical and 
intellectual. weapons and if close touch 
be kept among the workers, it seems 
obvious that progress must be greatly 
accelerated, because data will be cumu- 
lative and results will be comparable. 
Mutual concern with inevitably inter- 
locking problems will induce the most 
natural and therefore the most effec- 
tive form of cooperation. And without 
cooperation we can never cope with 
phenomena too large for comprehension 
by any one science, but which lie at the 
root of many sciences. The Walrus, 
after all, was right. Seven maids and 
seven mops will eventually make their 
impression. He only erred in expecting 
them to finish their job in half a year. 
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AN EXPERIMENT IN TEACHING 


By Professor H. H. WHETZEL 
CORNELL UNIVERSITY 


Prruaps no teachers in this country 
give less consideration to or take less 
stock in pedagogical theory and practice 
than do college professors. Few college 
or university teachers, in the biological 
sciences at least, have ever had special 
training in the theory and practice of 
teaching. Whether this is necessary or 
even desirable I am not saying. It is my 
opinion, however, that much of the criti- 
cism now leveled at the college student 
because of his disinterest in his scholastic 
work ought rather to be directed against 
the professors who teach him. My own 
experience as a student and as a univer- 
sity professor, now of some thirty years, 
satisfies me that the average professor 
teaching college students has little 
‘*method in his madness.’’ I myself do 
not pose as an expert in pedagogy, nor 
would I claim complete immunity from 
the above indictments. I only marvel 
that we who worship so devoutly at the 
shrine of scientific method should prac- 
tice it so little in our teaching. 

The procedure in presenting labora- 
tory courses in biological subjects to-day 
is, with rare exceptions, that introduced 
half a century ago: one or more labora- 
tory exercises per week in which all the 
students study the same subject and the 
same material under the solicitous gui- 
dance of immature instructors; a lecture 
or two by the professor, a mass recitation 
conducted by one of these same instruc- 
tors or, rarely, by the professor himself, 
and a voluminous weekly report which is 
usually only a slovenly and inaccurate 
misalliance of poorly digested laboratory 
pickings. In addition to this there is 
frequently imposed upon the student the 
handing in for correction (sic) by the 
overburdened instructors of a written 
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copy of the student’s notes taken during 
the professor’s lecture. This is rarely 
complimentary to the professor, of no 
interest to the instructors and of ques- 
tionable value to the student. This, in 
brief, is the system in vogue, at least in 
most of the institutions of higher learn- 
ing in this country. 

During the first twenty years of my 
career as a teacher in Cornell Univer- 
sity, I followed this general system with 
a degree of faith and devotion which I 
can now only contemplate with a feeling 
of astonishment and chagrin. During 
the second decade of this period, I began 
to be aware of a feeling that something 
was wrong with my teaching methods. 
In spite of the fact that, so far as I 
eould learn, the courses which I gave 
were looked upon with a reasonable de- 
gree of pleasure and approval by my 
students, I still felt that there must be 
a better way. I sought in vain among 
my colleagues and the literature on the 
subject for a procedure which appealed 
to me to offer a direct solution for my 
difficulty. Ideas gained from articles I 
read on the Dalton system and other 
experiments then being initiated in sec- 
ondary schools set me thinking. Out of 
this thinking grew a resolution to attack 
my teaching problem in the same way 
that I was accustomed to attack research 
problems in my field. I decided to ex- 
periment. Having won the approval of 
my instructing staff of this point of view, 
I spent an entire summer in working out 
a new and untried procedure. We gave 
it a trial for the first time that fall 
semester. This experiment has now been 
going on for some ten years, and there 
is every indication that it will continue 
an experiment to the end of my teaching 
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days, for each year problems in the de- 
tails of the method present themselves 
and each year we attempt by the experi- 
mental method to solve them and to 
perfect our procedure. 

I shall now attempt to outline the 
procedure as it operates to-day and set 
forth something of the philosophy under- 
lying it and some of the results which I 
think may fairly be claimed for it. 

The course which I am about to de- 
scribe, expressed in terms of our curricu- 
lum, is a three-hour elementary course 
in plant pathology, of one lecture a week 
and of nominally two laboratory periods 
of two and a half hours each. The 
course in the fall term is limited to fifty 
undergraduate students. If more than 
fifty register for it, that fifty having the 
highest average standing in all their pre- 
ceding work in the institution are admit- 
ted. The remainder are rejected. In 
the spring term the number is limited to 
twenty-five on the same basis. Students 
who because of their low standing have 
been rejected in the autumn usually get 
the course in the spring term, when ap- 
plications are relatively few. The course 
is open to sophomores, juniors and se- 
niors throughout the university. The 
only prerequisite is the regular six 
hours’ course in beginning botany. The 
teaching staff in this course normally 
consists of myself, an assistant profes- 
sor, an instructor and a laboratory as- 
sistant with an assistant in charge of 
what is known as the ‘‘ materials room.’’ 

When the students arrive for the first 
exercise, they are given some mimeo- 
graphed information sheets in which the 
manner of conducting the course is 
briefly set forth. The salient points in 
the procedure are verbally emphasized 
at this meeting with the class. The stu- 
dents are then referred to a list of exer- 
cises in the information sheets. Here 
are found fifty-eight exercises only three 
of which are prescribed for all students. 
The remaining ones, each dealing with 


a specific disease of certain plants, are 
arranged in twelve groups. From each 
of these groups the student is permitted 
to select one for study, thus making a 
total minimum of fifteen exercises to be 
done during the term. Each student is 
allowed to select an additional five or 
more diseases which he may study if 
time and inclination permit. The aver- 
age number of exercises completed per 
student per term is around seventeen, 
Having made his selection of exercises 
with the advice and approval of one of 
the professors, the student is now ready 
to begin work at once. He goes to the 
materials room adjoining the laboratory, 
where there is checked out to him by 
the assistant in charge the necessary 
mimeographed text on the subject, pre- 
served specimens, cultures, slides, photo- 
graphs and other materials illustrating 
the disease to be studied. Each student 
is allowed to have out, at any time, mate- 
rials for the study of three different dis- 
eases, and may with permission of the 
professor in charge check out more than 
this under certain conditions. He pur- 
chases at the bookstore our printed 
‘Laboratory Outlines’’ in which he 
finds directions for study of the labora- 
tory materials, and supplies himself with 
some plain sheets of drawing paper and 
drawing pencils. He goes to the depart- 
ment stockroom, where he checks out a 
complete equipment of laboratory tools, 
and gets his assignment to a locker. The 
microscope which he is to use, bearing 
the same number as his locker, is kept in 
a case in the laboratory. The specimens 
and materials which he has checked out 
from the materials room are handed to 
him in a shallow tray which slips into 
his locker. The locker will hold from 
three to five such trays of material. He 
is assigned to a table in the laboratory 
which is his on two specified laboratory 
periods during the week, though he is 
free to use it or any unoccupied table 
in the laboratory at any time throughout 
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the week, day or night. A laboratory 
which opens its doors to students at nine 
and closes them against him at four is an 
abomination. 

The students are now told that they 
are at full liberty to come and go from 
their laboratory work as they choose. 
They are informed that during the so- 
called laboratory periods from 1: 40 to 4 
o’clock on three afternoons of the week 
and from 10:30 to 1 on Saturday morn- 
ing there will be an instructor in atten- 
dance to answer questions and give them 
such assistance as they may request. 
The instructor is not permitted to offer 
advice or assistance to any student un- 
less requested to do so. Outside of these 
periods students may not ask the instruc- 
tor for assistance. They are quite free, 
however, to call on the professors for 
help at any time. 

When the student has completed to his 
own satisfaction the work on any given 
exercise he applies for a conference test 
on the subject. This test may be taken 
only during the specified laboratory 
periods. As soon as he has thus pre- 
pared himself for the conference, he 
writes his name and the name of the 
exercise on which he wishes to have the 
conference on a small slip of paper and 
drops it into a slotted box at the mate- 
rials room. This may be done at any 
time during the week. He may also 
designate on the slip the particular 
laboratory period during which he de- 
sires the conference. The slips are taken 
from the box at the beginning of each 
laboratory period by the assistant in the 
materials room, who then displays them 
chronologically in a special holder so 
placed that the student can see his posi- 
tion with respect to the others, in the 
order of call. 

Promptly at the beginning of the 
period, the assistant professor and I 
appear at the materials room. One of 
us takes the slip of the first student on 
the list, the other the next, and each is 


ealled to a personal conference in an- 
other room. We have tried holding the 
conference with two or more students 
ready at the same time on the same exer- 
cise, but it does not work. Individual 
conferences are now the rule. We have 
in the conference room the necessary 
blackboard and other facilities for the 
work. 

When the student comes to his first 
conference, the procedure involved is 
explained to him. He is told that we 
assume that he has accumulated a suffi- 
cient body of facts and information to 
enable him to solve a series of problems 
which will be set for him on the subject. 
It is pointed out to him that if he does 
not have the facts necessary for the solu- 
tion of the problem he of course can not 
solve it, but it is also emphasized that he 
may have all the facts and yet be unable 
to do the mental operations necessary in 
manipulating these facts for the solution 
of the problem. In short, it is made 
clear to him that thinking with facts to 
solve problems constitutes the test of his 
accomplishment in his work. 

The professor then proceeds to set 
problem after problem, some of them 
simple and some of them complex, and 
the student, standing on his feet without 
other students to embarrass him or to 
give him moral or material support, 
must by word of mouth indicate to the 
professor the mental operations through 
which he proceeds in his attempt to solve 
the problem and arrive at a logical an- 
swer or conclusion. When in his hesita- 
tion or stumbling it becomes evident to 
the professor that the student is having 
difficulties, an attempt is made by ask- 
ing specific questions to discover whether 
it is the lack of knowledge of certain 
facts or the inability to use the facts he 
already has that is giving him pause in 
his mental attack on the problem. If 
the professor discovers that the student 
is wanting in knowledge of one or more 
essential facts for the solution of the 
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problem, one of two courses may be 
adopted: the professor may give the stu- 
dent the facts and then ask him to pro- 
ceed with the solution of the problem, 
or he may decide that the paucity of 
factual knowledge is so great that 
‘*gifts’’ are not warranted, and he dis- 
misses the problem with an explanation 
to the student of the unhappy situation 
in the case. He then proceeds to another 
problem in the hope that here the stu- 
dent will have the essential factual data. 
It is not the particular facts that the 
student knows or does not know that 
appear to me essential, but it is impor- 
tant that he shall have a sufficient body 
of facts so distributed over the subject 
as to enable him to operate with them in 
solving a reasonable number of pertinent 
problems. 

The conference may continue for a 
half hour or an hour and a half, depend- 
ing on the number of students who are 
waiting for conferences, the evident need 
of the student for mental exercise or for 
any one of a number of other reasons 
which will occur to any good teacher. A 
few well-selected problems will be suffi- 
cient to give any competent instructor, 
within the course of fifteen to twenty 
minutes, a just estimate of the student’s 
accomplishment in the subject in hand. 
Thus the least important purpose per- 
haps of the conference, though a neces- 
sary one under our antiquated system 
of educational administration, namely, 
that of determining what grade the stu- 
dent should have for the conference, is 
quickly accomplished. The remainder 
of the time available for the conference 
can then be used for the more important 
purpose of teaching the student how to 
think with facts which he has accumu- 
lated and giving him exercise in this all- 
important feature of the process of edu- 
cation. 

When the professor has completed his 
questioning the student is urged to pre- 
sent anything which he may have in 


mind in the way of questions for clarifi- 
cation. Such student questions are 
answered, where possible, by the Socratic 
method, thus compelling him if possible 
to think out the answer to his question 
himself. Such time as may still be 
available is often profitably devoted to 
giving the student new or interesting 
information along certain lines which 
would not otherwise have come to his 
attention in the study of materials or 
references to literature, and so his 
knowledge and interest in the subject 
may be broadened and deepened. 

At the conclusion of the conference 
the student is asked whether he is pre- 
pared to accept a grade on his perform- 
ance for that exercise. He may elect to 
accept a grade, after which the professor 
dismisses him and enters his grade in the 
records in the materials room where it is 
available to the student at any time after 
the conference. Or the student may 
elect not to take a grade at that time 
but to go back and study the disease 
further and apply for a conference at 
some later time, the only provision being 
that he must take the reconference with 
the same professor. A note to this effect 
is made by the professor on the student’s 
eard which is returned to the materials 
room assistant who files it to await a 
time when the student shall again sign 
up for a conference on this subject. The 
student may elect a reconference on any 
given exercise as often as he chooses 
with the distinct understanding that his 
grade will be based on the final perform- 
ance, when he decides to take the credit. 
His performance in previous conferences 
has no bearing whatever on the grade 
which he finally accepts. Having once 
declared his readiness to accept his 
grade, however, he can not thereafter 
claim a reconference on that particular 
subject. 

A student finding his name well down 
the list for conferences on any given 
afternoon need not waste his time wait- 
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ing for his turn. He proceeds with the 
study of the next disease of which he has 
material checked out, until he is finally 
called. If the number up for confer- 
ences on a given afternoon is greater 
than can be handled during that period, 
those near the end of the list will have to 
wait for a conference until a later 
period, but their names will appear at 
the head of the list at the next period on 
which they expect to be in the labora- 
tory. 

The attendance at the one lecture in 
the week is likewise not compulsory. 
The student may come or remain away 
just as he chooses without any detriment 
to his standing in the course, so far as 
the mere matter of attendance or ab- 
sence is concerned. Not only is he told 
that he may remain away from the lec- 
ture if he chooses, but provision is made 
so that he will not be seriously handi- 
eapped by such absence. A complete, 
mimeographed text of the lectures is 
given out to each student at the begin- 
ning of the course. In this are set forth 
the organization of the subject, the im- 
portant generalizations with ample illus- 
trative cases and with a well-selected 
bibliography of references bearing on 
each subject so that the student will be 
able quite independently of the lecturer 
to get all the essential facts, generaliza- 
tions and conclusions. 

The lecture which comes once a week 
is not given, as is usual, for the purpose 
of conveying facts, theories, opinions 
and conclusions of importance to the 
student. Those he will find in the lec- 
ture text. The students are told this at 
the first lecture with the remark that if 
they wish to know the purpose of the 
lectures they may find out by coming to 
them. The real object of lecturing, as I 
see it, should be to stimulate and inspire 
the student to a real interest in the sub- 
ject; to give ‘‘set’’ as the educational 
psychologists say and to vivify and 
adorn important subjects and generali- 
zations. The student should go forth 
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from a lecture with a new eagerness to 
examine his laboratory materials and 
with a renewed desire to explore further 
into the writings of those who have con- 
tributed to our knowledge of the sub- 
ject. A professor who is not an inter- 
esting and stimulating speaker should 
never lecture either to college students 
or to anybody else. I never criticize a 
student for sleeping in one of my lec- 
tures. If I can not keep him awake he 
is entitled to all the sleep he can get. It 
is made clear to the students that no 
lecture attendance is kept, that they are 
quite free to come to none or only part 
of the lectures if they choose, or even to 


‘only a part of any one lecture. Coming 


late to a lecture or going out before it is 
completed is not acrime. Such incidents 
are of concern only to the students them- 
selves. A professor who is disturbed by 
a student coming in late or leaving 
before he has finished speaking is too 
nervous to be holding down a teaching 
position in a university or college. 

Yes, there are examinations in this 
course. One must defer to tradition and 
custom to some extent. Three unan- 
nounced prelims are offered during the 
term. The student may elect to take 
these or not as he chooses, but if he takes 
one he commits himself to the other two. 
There is a final examination, required of 
all students through the beneficent action 
of our faculty. I sympathize with my 
students, but hold them to it. The final 
term grade is made up as follows: 50 
per cent. of it is based upon the average 
grade obtained in the conferences; if the 
student has taken the prelims the aver- 
age of these counts 22 per cent. of the 
term grade, and the final examination 
25 per cent.; if the student elects not to 
take the prelims, then the final examina- 
tion counts 50 per cent. of the term 
grade. 

This, I think, sets forth briefly the 
present procedure in this experimental 
course. 
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I shall now pass to some of the philoso- 
phy which I think underlies this pro- 
cedure. I would point out, in the first 
place, that every possible responsibility 
for the work in the course is placed upon 
the student and is not assumed by the 
professor as is usually the case. The 
student is made to understand clearly 
that his attendance at lectures and labo- 
ratory periods is wholly a matter for his 
own decision. The professor requires 
nothing with respect to attendance, nor 
does he concern himself with it. It is 
assumed that every student taking the 
course is quite competent to adjust his 
own coming and going to his best advan- 
tage. Failure to do so brings with it 
certain consequences for which he alone 
accepts responsibility in registering for 
the course. 

Some of you may wonder whether this 
procedure operates as effectively with 
students who are required to take the 
course as with those who elect it. I can 
assure you that it does. Approximately 
half of the students taking the work in 
the fall term are required to take it by 
the department of forestry. The depart- 
ment of plant pathology itself requires 
no student to take any of its courses, nor 
does the faculty of the college make any 
such requirement. Our experience has 
been that while the forestry students 
often approach it with the well-known 
attitude of the forced laborer, they 
quickly succumb to the novelty of per- 
sonal responsibility involved, and we are 
soon unable to detect any marked differ- 
ence between their attitude and that of 
those who have elected to take the course. 

The question may also be raised in 
your minds as to whether under this sys- 
tem the student devotes the necessary 
time to the work in the course. You 
need have no doubts on this point. In- 
quiries carefully checked have proved 
that the average student spends nearly 
twice as much time per week under this 
system as he did under the old one. 


This results, perhaps, from the unaccus- 
tomed feeling of responsibility which is 
suddenly thrust upon him. He is not 
held either directly or by implication to 
set hours for work nor does any one sug- 
gest just how much time he should de- 
vote to the work. He has contracted to 
do a minimum number of exercises ; some 
of them rather short and easy, others 
long and complicated. He soon learns 
from his conferences that it is not time 
spent with the subject but knowledge 
acquired and usable that is requisite to 
a creditable performance in the confer- 
ence or examination. He is compelled to 
decide for himself how much time he 
will or can afford to spend on this par- 
ticular course in relation to the other 
courses which he takes. The natural 
result is that he puts in the time required 
in the other courses, or as little of it as 
he can get away with, and devotes the 
rest of his study hours to the course in 
plant pathology. Students often remark 
to me that the course takes a lot of time 
and that if all the courses in the univer- 
sity were taught in this manner one 
couldn’t carry many subjects at any one 
time. Quite right; but no student ought 
to expect to carry more than three or 
four subjects satisfactorily. Under the 
old system we dragged the students 
through twenty exercises of the same 
kind as those of which he now contracts 
to do but fifteen for the same credit. It 
is not that the course takes more time; 
he gives it more. I remind the student 
that his natural ability, his inclination, 
his interest and the press of other duties 
determine the time he spends on the 
work, pointing out to him that neither 
by direction nor by implication do I 
make any demand on him as to the 
amount of time he is to devote to this 
course. Here again he is compelled to 
exercise judgment and accept responsi- 
bility. 

You will recall that each student 
makes his own selection of the number 
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of exercises which he is to study. To 
be sure this selection is to a slight extent 
limited by the grouping of the subjects 
from which he must choose, but where 
in this world are not our free choices of 
action more or less limited? At any 
rate, this freedom to choose what he will 
study, limited as it may be, has a very 
happy effect upon the attitude of the 
average student in approaching the work 
in the course. He feels that he is study- 
ing something that he has chosen to 
study. It is a mistaken notion, at least 
in biological work, that the use of one 
particular species of plant or animal or 
disease, or whatever, is essential for the 
demonstration of any principle, theory 
or general conclusion. Any professor 
who is so poor in his knowledge of illus- 
trative materials as to feel that only one 
particular case will serve ought not to 
be teaching in a university. At least a 
sufficient wealth of materials should be 
available to the student’s choice that he 
will have the feeling of interest in his 
work which comes from personal selec- 
tion of subject-matter. 

The requirement I make of the in- 
structor in charge of the laboratory 
work that he shall answer questions and 
give assistance to students only when it 
is requested will doubtless cause head- 
shaking on the part of some of you. I 
would only reply that the universal prac- 
tice of well-intentioned or meddlesome 
instructors butting into the student’s 
cogitations with remarks on errors in 
drawings or other features of his labora- 
tory activities does far more harm than 
any possible good which may accrue 
therefrom. When the student asks for 
assistance or information on a given 
point he is in the most receptive mood 
to receive what the instructor may have 
to offer on the matter. Many students 
need or require very little instructional 
assistance in their laboratory work. 
But, whether they need it or not, it 
should never be gratuitous. The student 
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should seek enlightenment; it should not 
be thrust upon him. 

The student is informed that he is 
always at liberty to come either to me 
or the assisting professor for help in his 
work at any time. I have no specified 
office hours for students. The student 
can always see me whenever and wher- 
ever he can find me regardless of what 
I am doing or with whom I may be in 
conference or consultation. I regard as 
my primary obligation that of assisting 
my students. No matter with whom I 
may be engaged, when a student appears 
in my presence with that look of want- 
ing something, which we all know so 
well, I immediately excuse myself and 
attend to his wants, no matter if my 
visitor be the president of the university 
or the dean of the college. I have sel- 
dom found that students come to me 
with unwarranted demands upon my 
time or attention. In fact the only criti- 
cism I have of them is that they come 
too seldom and are too much impressed 
with my apparent professorial busyness. 
That teacher who is too busy to see his 
students has no business in a teaching 
staff. On rare occasions when the situa- 
tion is such that I can not immediately 
attend to a student’s wants I courteously 
ask his indulgence but always arrange 
for a time in the near future when we 
can conveniently consider the matter. 
As to the instructor and assistant, since 
they are graduate students and expected 
to give but a limited amount of time to 
teaching, students are informed that 
they are to be consulted only at the 
specified laboratory periods, and the in- 
structor and assistant are directed to 
remind students of this if they are ap- 
proached outside of these specified times 
and to send them to me or to the other 
professor. To be sure, instructors and 
assistants frequently disregard this com- 
mand, but I wink at it with the pleasant 
feeling that they have gotten something 
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of the spirit of my own attitude toward 
students. 

The conference feature of the course 
will doubtless arouse questions and 
doubts in your minds. Does it not re- 
quire a great deal more time to handle a 
group of fifty students in this manner 
than in the old-fashioned way, some one 
will ask? Emphatically, no. Careful 
checking on this feature of the work in 
the early years under the new procedure 
as against that under the old showed 
that the conference system actually re- 
duces the amount of time spent by the 
instructing staff on the course. The 
actual time devoted to teaching by my- 
self and the assisting professor is twelve 
hours a week for each of us in the fall 
term and six in the spring, not counting 
the lectures and preparatory study. 
There is no great stack of note-books to 
be laboriously corrected at least once a 
week far into the small hours of the 
night either by professors, instructors or 
assistants, and what is more important, 
no need to make the customary pretense 
at doing so. The student brings to his 
conference his drawings and such notes 
as he may choose to make. The draw- 
ings are spread out on the table before 
the professor. He may quickly gather 
from this display before him the char- 
acter and degree of accuracy of the men- 
tal pictures which the student has of 
the things he has been studying. These 
provide the teacher with a basis for 
many of the problems which he will set 
for solution, and they are presented at 
just that time when their presentation 
is most useful to both teacher and stu- 
dent. The student is not required to 
make drawings and may appear at the 
conference without them, in which case, 
however, he is usually asked to demon- 
strate on the blackboard that he does 
have accurate mental pictures of impor- 
tant features of the material which he 
has studied. There is no virtue in draw- 
ings as drawings. Their only value is 


in sharpening the student’s mental pic- 
ture of microscopic or macroscopic ob- 
jects, features of importance in the 
materials which he had before him. 
Most students make the drawings for 
the professor, as may be easily proved 
by listening to their remarks and ques- 
tions concerning them. Do we have to 
make these drawings? Just what do 
you want in this drawing? Is that what 
you want (exhibiting sketch)—and a 
dozen similar questions are daily thrown 
at the professor or instructor in most 
biological laboratories. Upon the first 
question of this sort, I always assure the 
student that ‘‘J do not want the draw- 
ing,’’ that ‘‘if I wanted one of that par- 
ticular subject, I could probably make 
a better one myself,’’ that ‘‘at any rate, 
I could hire some one who can far out- 
class you.’’ By such replies, kindly put, 
the student either tumbles to the fact 
that he is making the drawings for his 
own edification or he is driven to de- 
mand, why make drawings anyway? It 
is then at the moment of his insistent 
desire to know why, that I may profit- 
ably explain to him the value of careful 
and accurate drawings for him as means 
to sharpen and fix valuable mental pic- 
tures in his mind. 

The time required for the preparation 
of fresh material, of which much is used 
in this course, is somewhat greater under 
the present procedure than it was under 
the old. Since not all the students who 
have selected a given disease will be 
working on it at the same time fresh 
material for each disease must be pre- 
pared in somewhat larger quantity and 
must be available over a considerably 
longer period of time. Furthermore, 
the practice of permitting each student 
to select his own list of diseases to be 
studied increases considerably the num- 
ber of diseases for which fresh material 
must be prepared and kept on hand. 
But since the students are thus enabled 
to work at their own speed and on the 
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particular disease in which they are in- 
terested, the advantages far outweigh in 
value any saving of assistants’ or in- 
structors’ time. 

In fact, our present procedure re- 
quires very much less actual time of the 
assisting staff than does the ordinary 
laboratory procedure. There are no 
materials to be put out before the labo- 
ratory by a harassed assistant, rushing 
back from a hasty lunch. There is no 
gathering of scattered and wrecked 
specimens littering the laboratory after 
the students leave. Each student is 
responsible for the material he has 
checked out. He gets it out himself, he 
puts it away, and when at the end of 
his conference he returns the material 
to the materials room, it is carefully 
checked and any losses or injury to 
slides, specimens or other permanent 
material is charged to his breakage, and 
he pays for it. It is a grand and glorious 
feeling at the end of a strenuous labora- 
tory period for the weary instructor to 
gaze upon the laboratory tables free of 
littered specimens and debris and ready 
without any effort on his part for the 
next period. The time thus saved to 
assistants and instructors in setting up 
and clearing away laboratory materials 
is more than ample to compensate for 
the additional work which they must do 
in preparing extra fresh materials. 

A very important feature of the con- 
ference as we handle it is that of leaving 
to the student to decide when he wishes 
to take his grade. He is thus compelled 
to judge his own performance and to 
request the judgment of the professor as 
to the worth of his accomplishment. 
Being permitted a reconference as often 
as he chooses before accepting the grade 
leaves him little ground for a feeling of 
resentment over the grade which he 
finally receives. I am reminded of one 
student who, having made a rather poor 
exhibition, was asked if he was ready 
co take a grade. 


‘‘That was pretty rotten, wasn’t it, 
Professor?’’ he said. 

‘‘Well, it might have been better,’’ I 
replied, ‘‘but it is entirely up to you 
whether you take a grade or study the 
exercise some more, and come back for 
another conference, you know.’’ 

‘*Yes,’’ he said, ‘‘but I am so far 
behind with my work now that I don’t 
think I can afford to take the time to 
study this further. Guess I’ll take my 
grade.’’ 

‘* All right,’’ I replied, and went to the 
materials room to enter up the grade. 
He put away his materials and called 
out as he passed me, ‘‘ Would you mind 
telling me what grade I got?’’ 

**D,’’ I said, ‘‘is the best I can do for 
you on that.’’ 

** Just about what I thought I’d get, 
he said in a disgruntled tone. 

**My judgment was good, wasn’t it?’’ 
I asked. A smile replaced the scowl 
on his face as he replied, ‘‘It certainly 
was.”’ 

In all our contacts with students 
whether in the laboratory or conference 
room we treat them as gentlemen and 
ladies. I never scold a student or bawl 
him out for poor work. If he is satisfied 
to do that kind of work and accept the 
consequent grade, that is his business. 
I have long ago divested myself of the 
feeling that poor work on the part of the 
student is any reflection on me, in spite 
of the fact that I may sometimes, of 
course, be responsible. I refuse to har- 
bor any feeling that the student is doing 
the work for my benefit or glorification. 
On the other hand, I frequently ask the 
student after an exhibition of poor ac- 
complishment if he would not be inter- 
ested in knowing what I think is his 
difficulty. If he replies in the affirma- 
tive, I attempt in a kindly manner to 
explain to him where his difficulty lies, 
even to the extent of telling him that I 
think he is lazy. I have not yet brought 
myself to the point of telling a student 
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that I think he is dumb, even though I 
may be quite sure that is his malady. 
On the other hand, I never lose an op- 
portunity to give a student a good word 
for an especially excellent performance. 
Praise is far more effective in stimulat- 
ing a student than is harsh criticism. 

Now a word as to what I think are 
some of the outstanding results from this 
method of procedure. Effective think- 
ing, t.e., facility in manipulating facts 
so as to arrive at logical conclusions, is, 
to my mind, the primary test of an edu- 
cated person. Along with this, of 
course, comes the having of facts with 
which to think. A broadly educated 
man is one who has a good stock of facts 
on a great variety ef subjects and is able 
to think with these facts intelligently 
and effectively. 

The common practice of college pro- 
fessors in requiring primarily that a 
student shall accumulate facts to dis- 
gorge them on demand is, I think, one 
of the chief indictments of our college 
and university educational procedure. 
Bare facts are of themselves of no in- 
trinsic value even though without facts 
the student can not hope to do any 
thinking. Facts are of value only as 
they afford materials for thought. It 
seems to me, therefore, that our constant 
aim should be not only to teach the stu- 
dent how most quickly and effectively to 
accumulate facts, but, what is more im- 
portant, how to use these facts in think- 
ing, that is, in solving problems and 
deriving conclusions, or in other words, 
making judgments. Too much emphasis 
in our college teaching is put on getting 
the facts but almost none on using them. 
To expect students to be zealous in the 
gathering of facts to be parroted back 
to the professor is absurdly naive. To 
take it for granted that students will 
effectively use the facts which they have 
accumulated without exercise in doing 
this exposes a childish faith in humanity 
quite inexcusable in a college professor. 


Yet nowhere in our usual teaching pro- 
cedure is any provision made for giving 
the student exercise in the manipulation 
of the facts which he has learned. 

It is in just this point that I feel our 
method of teaching makes its greatest 
appeal for approval, and this is borne out 
by the actual results as we watch the 
increasing facility with which the stu- 
dents in this course meet the problems 
which are presented for their considera- 
tion week after week. It is also proved 
by the growing eagerness and pleasure 
showing on the face of the student as he 
comes in succeeding weeks at the call for 
his conferences. At the first conference, 
hesitation and dread of the approaching 
ordeal usually show clearly on his coun- 
tenance, but when he finds that the con- 
ference is only an opportunity for him 
to pit his wits against problems to be set 
for solution by a friendly professor, he 
comes to look upon the impending con- 
test with the same joy of battle that in- 
spires the football player or any other 
participant in a similar contest. I can 
not refrain from telling an incident in 
one of these conferences. Having set a 
rather difficult problem for a student 
with care in stating the conditions, I 
leaned back in my chair and awaited his 
operation. Plunging into the problem 
he was soon off on a false trail. I halted 
him with ‘‘Wait a minute, let me ask 
you a question.’’ Judging he was not 
using a fact which he probably had in 
the back of his head I so set the question 
as to bring the fact to the fore of his 
mind. Immediately without giving the 
factual answer he replied, ‘‘Oh, yes, may 
I start again?’’ 

‘*Certainly,’’ I replied, and he was off 
now on the right track. Time after time, 
for a half hour or more I brought him up 
sharply with such a question, when I saw 
he was getting off the trail, and time 
after time he reacted in the same way 
with the reiteration, ‘‘Oh, yes, may I 
start again?’’ Finally, having worked 
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the problem out to a satisfactory and 
logical conclusion, he drew forth his 
handkerchief and wiped the streaming 
perspiration from his brow. ‘‘Pretty 
tough wasn’t it,’’ I said. 

“*Yes, but it was interesting,’’ he re- 
plied with enthusiasm. 

One marked advantage of this proce- 
dure is that each student can now work 
at his own speed and convenience. It is 
well known, of course, that no two stu- 
dents will cover the same ground in the 
same time. Some will wish to do only 
the essential minimum; others will want 
to explore various enticing side issues 
and matters of special importance to 
them. One does not usually study and 
learn to best advantage when he is con- 
stantly under the pressure of a time limit 
to his mental activities. The opportunity 
to suit his working hours to his conve- 
nience is also, I think, an important mat- 
ter for the student. To be compelled to 
come to a laboratory on the afternoon 
following a wild night out or when he is 
half sick is not only irksome but futile 
in its results. It would always be much 
better for the student to sleep off his 
debauch or go to bed with his cold and 
come to his work later in a state of men- 
tal freshness. Under such conditions to 
come by compulsion at a specified time 
almost always results in a wasted after- 
noon. Nothing is accomplished, and the 
needed recuperation from loss of sleep 
or indisposition is denied him. He will 
generally leave the laboratory with the 
feeling that he has, at least, put in his 
time and so has met his responsibility in 
the matter, so that when mental alertness 
is again his happy possession he dissi- 
pates his energies in inconsequential 
activities with no feeling of responsibil- 
ity for devoting them to acquiring the 
knowledge to which he has already paid 
the courtesy of an unprofitable gesture. 

Another result of this procedure is 
that I now have all my time for real 
teaching. Much time and energy has 





AN EXPERIMENT IN TEACHING 








161 


been spent in working out the details of 
what I call the ‘“‘machinery’’ of the 
course, in setting up the laboratory ma- 
terials, i.e., in preparing sets of speci- 
mens, photographs, etc., so that every 
student may have at his disposal the full 
quota of materials for each exercise. 
Careful thought has been given to the 
details of laboratory routine, so that no 
student will have to wait idly for any 
length of time in checking out specimens 
or in getting his conferences, ete. It is 
surprising how little hitches in matters 
of this kind will demoralize and nullify 
the teaching program, so that time de- 
voted to their solution is time well spent 
in giving to the professor that complete 
freedom for effective teaching which the 
student has a right to expect. Assistants 
and instructors, trained and efficient in 
the routine of 
and effective materials, are an absolute 
requisite to this type of teaching. The 
excuse so commonly offered by profes- 
sors that they do not have such assistance 
is not worth the breath it takes to make 
it. It is the professor’s business to see 
that he has the necessary personnel and 
equipment for teaching. Otherwise, he 
should refuse to attempt the work and 
let the authorities above him take the 
responsibility. The responsibility for 
the common situation of an overbur- 
dened teaching staff, i.e., a staff too small 
for the number of students taking the 
course, lies directly with the professor 
in charge. Firm refusal to accept more 
students for a course than can be prop- 
erly taught with the staff available is 
not only the responsibility but the pre- 
rogative of the university or college pro- 
fessor. So long as he will accept more 
students than his facilities permit him to 
teach effectively he has no one to blame 
but himself. I would resign my job and 
work with my hands for a living before 
I would submit to such a situation. If 
all teachers in colleges and universities 


preparing satisfactory 
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would adopt this attitude and limit regis- 
tration in their classes or offer their 
resignation as an ultimatum for the nec- 
essary facilities, the problem of poor 
teaching now so acute in colleges and 
universities would be largely solved. No 
really good teacher is likely to be fired 
from an institution for such action, at 
least, from an institution deserving of 
his services and devotion. As a result 
of adequate machinery I now come to 
my teaching with a feeling of enthusiasm 
and freedom from impending difficulties 
which I never knew before. 

Another result is that I am always in 
a good humor when I come to my classes, 
There is nothing the student has done or 
can do to rouse my ire. There are no 
rules or regulations which I have made 


that the student can break and so irritate 
me. The student comes in the same 
frame of mind. He is not compelied to 
abide by any attendance regulations, nor 
must he accept my judgment of his work 
except at his own expressed desire for 
the same. Thus we both approach the 
hour together with the feelings of two 
friends who sit down together to pit their 
wits in pleasant and profitable contest. 
We meet as friends and part as friends. 
And finally, what is most important of 
all, the student has, at least, fifteen ade- 
quate opportunities during the term to 
exercise his mind with facts in the all- 
important educational process of solving 
problems, arriving at conclusions and 
making judgments on things in which 
he is presumably interested. 
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ELEMENTS OF ISOSTASY—OBSERVATIONS 
AND INTERPRETATION 


By Dr. WILLIAM BOWIE 


CHIEF, DIVISION OF GEODESY, U. 8S. COAST AND GEODETIC SURVEY 


Isostasy is a comparatively new 
branch of geophysical science but a very 
important one. It is a condition of the 
outer portion of the earth which must 
be reckoned with when making investi- 
gations to disclose the cause or causes of 
the great changes in geographic posi- 
tions and elevations of the earth’s sur- 
face during geological times. 


MEANING OF IsosTASY 

According to the idea of isostasy 
there is some depth below sea-level 
where the pressure exerted by the outer 
portion of the earth is the same on equal 
areas of a level surface at that depth. 
Above that depth there are variations in 
the density of the material, for in order 
to have equal pressures for equal areas 
the mass must be the same. Since the 
volume changes or varies the density 
must likewise vary. In other words, the 
product of the volume of a unit section 
of the earth’s crust and the density of 
the material must be a constant around 
the whole earth above this depth, which 
is called the depth of compensation. 

With a perfect isostatic earth and 
with no shifting of load on the earth’s 
surface there would be no stresses pres- 
ent in the material of the earth below 
the depth of compensation. Necessarily 
there are stresses between that depth 
and the earth’s surface, for there are 
great differences in the elevation of the 
solid surface of the earth in relation 
to sea-level. The Himalayan Mountains 
rise to elevations of more than five miles, 
and there are depths of water in ocean 
areas greater than six miles. There 
must be a stress difference exerted from 


a continent towards an adjacent ocean 
basin. This stress difference does not 
become zero until the depth of compen- 
sation is reached. 

In computing the stress difference 
between a continental and an oceanic 
area necessarily the weight of the water 
must be taken into account. Correct 
values for the stress difference can be 
obtained by reducing the volume of 
water to that of an equivalent mass of 
surface rock. The density of sea water 
may be assumed to be 1.01, and a fair 
value for the density of surface rock is 
2.70. A depth of water of about 2.7 
miles is therefore equivalent to a layer 
of rock about one mile in thickness. 

The depth of compensation has been 
derived from geodetic data and has been 
found to be of the order of magnitude of 
sixty miles. This depth has some uncer- 
tainty, but it is probable that the true 
value lies somewhere between forty and 
eighty miles below sea-level. It is my 
belief that the uncertainty in the de- 
rived depth is not greater than ten miles 
and that the depth lies between fifty and 
seventy miles. A knowledge of the ex- 
act depth is really not so important in 
geophysical and geological investigations 
as the idea that there is a depth at which 
the pressure of the superincumbent 
masses is the same for equal areas. 


IsosTASY IN INDIA 
There are traces of the isostatic idea 
in some of the literature of one hundred 
or more years ago, but nothing very 
definite was set forth until the middle of 
the last century. John H. Pratt, when 
attempting to derive the figure of the 


163 





164 THE SCIENTIFIC MONTHLY 


earth from triangulation and astronomi- 
cal data in India, was struck by the lack 
of harmony in the observed data. He 
published the results of his investiga- 
tions, and then George B. Airy, astrono- 
mer royal of Great Britain, gave an in- 
terpretation of the inconsistencies which 
had been found by Pratt. 

On a hypothetical earth with a per- 
fectly smooth mathematical surface the 
lengths of degrees of latitude would in- 
erease from the equator towards the 
poles. On the international spheroid the 
length of a degree along the meridian at 
the equator is 68.708 miles, and at the 
poles 69.407 miles. On an ideal earth if 
astronomical observations for latitude 
were made at places along a meridian 
and these places were connected by tri- 
angulation to furnish the distances be- 
tween contiguous pairs of astronomical 
stations a gradual increase in the lengths 
of the degrees of latitude from the 
equator toward either pole would be 
found. 

The Indian data showed great irregu- 
larities in the lengths of degrees of lati- 
tude and these were thought to be due, 
in large part, to the irregular surface of 
India and the areas to the northward. 
When corrections were applied to the 
astronomical observations to offset the 
attractive effect of the masses above sea- 
level the data were not improved. The 
corrections for the masses were greater 
than were needed to bring the triangula- 
tion and astronomical data into accord. 

Airy suggested that the reason for 
this was that the crustal material varied 
in thickness and that under the conti- 
nents it extended far down into the in- 
terior of the earth, which he supposed to 
be very plastic. There were according 
to him roots or protuberances of light 
material which floated the continental 
masses high above the dense material 
which lies under the ocean areas. He 
likened these continental masses to 
blocks of ice which float in water with a 
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large portion of the block exposed. 
Pratt took exception to Airy’s interpre- 
tation and advanced an alternative one. 
His idea was that the outer portion of 
the earth varies in density from place to 
place but that the variation extends to a 
uniform depth below sea-level. He 
questioned the validity of the hypothesis 
that there could be roots extending into 
suberustal space below a mountain or 
plateau area. 


DEFLECTIONS OF THE VERTICAL AND 
THEIR CAUSES 


For many years astronomers have 
been determining the right ascensions 
and declinations of stars and have col- 
lected data which enable them to predict 
the relative movements of the stars. 
The stars are not fixed. They wander 
around the heavens, but their move- 
ments are very slow. But even though 
the unaided eye would need centuries or 
perhaps thousands of years to detect any 
real difference in angular distance be- 
tween any two stars, yet with the high- 
grade instruments used in the determi- 
nation of latitude and longitude a star 
is found to have a different position each 
time it is observed. The work of the 
astronomer enables the geodetic engineer 
to compute the exact declination and 
right ascension of a star for any instant 
of time, and from these data he is able 
to determine accurately the latitude and 
longitude of a point on the earth’s sur- 
face. 

As is well known, the surfaces of the 
oceans of the earth have the general 
form of a spheroid of revolution. If 
there were no irregularities in the 
earth’s surface and the densities were 
normal everywhere, this water surface 
would be a true spheroid of revolution. 
Since the earth’s surface is irregular 
the continents tend to deflect the plumb 
line, to which all astronomical observa- 
tions are referred, from the direction at 
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right angles, or normal, to the mathe- 
matical surface—the spheroid. 

It is possible to determine the astro- 
nomical latitude of a place with a prob- 
able error of 0.10 second of are or less, 
while in longitude determinations the 
probable error is seldom greater than .03 
second of time. The actual error in 
linear measure in the determination of 
an astronomical latitude is believed to be 
seldom greater than about twenty feet. 

We now know the shape and size of 
the earth with a fair degree of accuracy. 
With this knowledge we are able to 
start from an astronomical station and 
measure distances and directions across 
a continent by means of triangulation 
and to ecmpute the positions of the sta- 
tions on the adopted spheroid. Triangu- 
lation, as is well known, is a system of 
surveying based on the elementary 
mathematical principle that if the length 
of a side of a triangle and the two adja- 
cent angles are known the lengths of the 
other sides can be computed. In prac- 
tice a side of a triangle called a base, 
varying from five to fifteen miles in 
length, is measured directly by means of 
steel or invar tapes or wires. The prob- 
able error in the length of a base derived 
from direct measurements is seldom 
greater than one part in a million, which 
is all the accuracy required. At inter- 
vals of one hundred miles or so, depend- 
ing on the character of the terrain, addi- 
tional bases are measured in order to 
check the lengths carried through the 
triangles by computation. 

From the triangulation data one is 
able to compute on the spheroid the lati- 
tude and longitude of each of the trian- 
gulation stations. Any errors in the 
geographic positions are due in part to 
the uncertainty in the adopted values 
for the dimensions of the earth and in 
part to errors of observations in the tri- 
angulation. These errors are compara- 
tively small. If the astronomical lati- 
tude and longitude are determined for a 
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number of the triangulation stations, a 
comparison of the astronomical and 
geodetic positions at each of these sta- 
tions gives the values of the deflections 
of the vertical. 

The deflections of the vertical may 
amount at some places to thirty seconds 
of latitude or longitude or even more. 
The linear distance on the earth’s sur- 
face corresponding to half a minute of 
latitude is about one half mile. This is 
so large that accurate surveying and 
mapping can not be based on a number 
of detached astronomical stations. The 
triangulation connecting these stations 
gives the distances with great accuracy, 
and therefore the geographic positions 
determined by geodetic are 
used in the surveying and mapping of 
continents and in the charting of the 
waters along the coasts. The map for 
any particular continent or country is 
really based on an average value for the 
latitudes and longitudes which are de- 
termined astronomically. Latitudes, as 
is well known, are merely the angular 
distances to the north or south of the 
equator, and longitudes are the angular 
distances to the east or west of some 
fundamental meridian. The initial 
meridian in use generally over the 
world to-day is the one through the ob- 
servatory at Greenwich, England. 

The deflections of the vertical are due 
mostly to the irregular surface of the 
earth and the isostatic compensation of 
the topographic features. When correc- 
tions are applied for the effect of topog- 
raphy and compensation there remain 
residuals or unexplained portions of the 
deflections. These residuals are un- 
doubtedly caused by variations from 
normal density in rock comparatively 
near the astronomical stations. There 
may be a large trough filled with uncon- 
solidated sediments near a station, in 
which case the residual deflection would 
be away from this area. On the other 
hand, there may be an outcrop of Pre- 
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cambrian rock wunderlaid near the 
earth’s surface by igneous rock. This 
material is denser than normal and 
therefore the residual deflection of the 
vertical will be towards it. Buried 
structure is indicated by the residual 
deflections, and therefore geodetic data 
in the form of astronomical determina- 
tions of latitude and longitude and the 
latitudes and longitudes determined by 
geodetic means may be of great assis- 
tance in both theoretical and economic 


geology. 


IsOSTASY IN THE UNITED STATES 


The equilibrium hypotheses of Airy 
and Pratt received only scant attention 
for some years. In 1889 Clarence E. 
Dutton, a member of the U. S. Geologi- 
cal Survey, advanced practically the 
same ideas as Pratt and Airy regarding 
the equilibrium of the earth’s crust. He 
seems to have derived his ideas from a 
study of geological phenomena only. 
He refers only casually to the work done 
by geodesists in connection with the tri- 
angulation and astronomical data of 
India. Dutton’s exposition of the idea 
of isostasy started discussion and argu- 
ments, but it is rather remarkable that 
he had very few active followers. Most 
of the students of the earth of his day 
were opposed to his views. 

During the past few decades rather 
extensive tests have been made of 
isostasy, and we now can say with assur- 
ance that isostasy in its general aspects 
is true. Much more must be done in the 
way of detailed investigations and obser- 
vations to learn if possible the exact 
depth of compensation; whether the 
Airy or the Pratt idea is the true one, 
and how large in horizontal extent is the 
block of the earth’s crust which can be 
taken as the unit of mass. It is certain 
that geodesists and geophysicists will 
work intensively on these problems, and 
it is expected that in the next decade 
much more will be learned of the details 
regarding isostasy. 


MAINTENANCE OF IsosTATIC 
EQuILIBRIUM 


In order properly to explain isostasy 
and the geological processes one should 
begin at the time of the origin of the 
earth when it became a separate astro- 
nomical body, but this would require 
more space than is available in this 
paper. We may assume that the earth 
has approximately the same size now 
that it had when it first had a solid sur- 
face; or to put it another way, its shape 
and size now are approximately what 
they were at the beginning of geological 
history, which presumably was at the 
beginning of rainfall, erosion and sedi- 
mentation. We are vitally interested 
only in the processes which have shaped 
the earth’s surface since the beginning 
of sedimentation and which now are con- 
tinually changing it. We need not 
know what was the original condition of 
the earth, whether it was a molten mass 
or solid throughout in order to be able 
to study the processes which are now in 
operation. 

The work of the geodesist and the 
seismologist proves very conclusively 
that the outer portion of the earth to 
some limited depth (the geodesist has 
found it to be approximately sixty 
miles) is solid and that it resists the 
stress differences which tend to flatten 
out the surface into a smooth mathemati- 
eal one. The results of their observa- 
tions and analyses of the data secured 
indicate that the earth is solid from the 
erust down to a great depth below sea- 
level. There is still some uncertainty as 
to the physical condition of the mate- 
rials near the center. This involves 
about an eighth of the earth’s volume. 
The transverse or elastic earthquake 
waves will not go through that core. If 
the earth were elastic throughout the 
elastic waves would pass through the 
center. The conclusion seems to be that 
the core of the earth is either a liquid or 
a non-elastic solid. 








nit 

the 

abo 
tim 
ear 
lati 
cat 
anc 
stee 
liqt 
the 

The 
for 
The 
gre: 
cow. 
con: 
are 


mat 
tic ° 
lan 
tion 
of e 
beer 
tims 
defi 
clea 
nor! 
dou 
by t 
hav 


is e 
crus 
abot 
mar 
the 
mus 
the 
mat 
crus 
set t 
mas: 
anal 
gion 
upw 
crus 








ELEMENTS OF ISOSTASY 167 


The proof of isostasy leads to the defi- 
nite conclusion that the material below 
the crust, that is, below a depth of 
about sixty miles, is plastic to long con- 
tinued stresses. The observations of 
earth and ocean tides, of the variation of 
latitude and of seismic phenomena indi- 
cate that the earth as a whole is solid 
and has a rigidity about twice that of 
steel, or if the core of the earth is a 
liquid then the remaining solid part of 
the earth has an even greater rigidity. 
These observations, however, involve 
forces which change phase rapidly. 
They do not act in the same direction for 
great lengths of time. It is possible, of 
course, for a material to be rigid to short 
continued stresses but to yield if stresses 
are applied for a long time. 

The reason why we conclude that the 
material below the crust acts as if plas- 
tic to long continued stresses is that al! 
land areas in which isostatic investiga- 
tions have been made show a high degree 
of equilibrium. Certain areas may have 
been subjected to erosion for a long 
time but the pendulum observations and 
deflections-of-the-vertical data indicate 
clearly that they are not lighter than 
normal. Similar data indicate beyond 
doubt that portions of the crust covered 
by thick beds of recent sediments do not 
have more mass than normal. 

We may assume that the normal mass 
is contained in a block of the earth’s 
erust whose surface elevation averages 
about zero. Such blocks are along the 
margins of continents. The blocks of 
the crust which are undergoing erosion 
must be lessened in mass as a result of 
the removal of portions of their surface 
material, but there is an influx of sub- 
crustal matter into crustal space to off- 
set the loss. This lessening in weight or 
mass would surely be detected by an 
analysis of the geodetic data in the re- 
gion in question if there had been no 
upward movement and addition of sub- 
crustal matter. There is only one way 
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for a block of the earth’s crust under- 
going rapid erosion to maintain its nor- 
mal mass or weight, and that is by an 
intrusion of subcrustal material into 
crustal space. The block of the crust 
becomes light as the result of erosion 
and is buoyed up and elevated by the 
plastic material which lies beneath it. 
In areas of sedimentation along the 
margins of tidal waters, or even in lakes 
or valleys, the crust yields beneath the 
added load and there is a sinking of 
crustal material into subcrustal space. 
Since the weight of the eroded material 
is equal to that of the material deposited 
as sediments there can be a restoration 
of the isostatic balance by a horizontal 
movement of subcrustal material from 
beneath the area of sedimentation 
towards the one undergoing erosion. 


THE EartH a YIELDING Mass 

All the above may seem very strange, 
for we are inclined to think of the earth 
as a very unyielding solid mass. But 
gravity and _  deflection-of-the-vertical 
data are accurate, and the conclusions 
drawn from them seem to be able to 
withstand the most critical analysis. 
The seismologist tells us that the earth is 
not a rigid body, that is, it is not rigid 
to long continued stresses. Not an hour 
passes during which there is not an 
earthquake somewhere on the earth. It 
has been estimated that there are ap- 
proximately eight thousand earthquakes 
recorded annually on the seismographs 
now in operation. The number of seis- 
mological stations is quite small and 
many earthquakes of a local and minor 
nature are not recorded. It would be 
mere guesswork to say how many earth- 
quakes occur during a year, but it is 
reasonably certain that the number is 
several times eight thousand. Earth- 
quakes are caused by breaking or 
slipping rock. A few may be due to ex- 
plosions near volcanoes, but these are 
rather small when measured by the en- 
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ergy involved. The large earthquakes 
are the result of movements of crustal 
material without any accompanying 
explosion. 

If the earth can have thousands of 
earthquakes per year it is surely not a 
fixed body, that is, it is not fixed in form 
and in the relative positions of its par- 
ticles. Movements must be going on 
continuously, although in most places 
the rate of movement is so small that it 
would take years with refined methods 
and measurements to detect it. 

We do not have to depend on earth- 
quake and geodetic data to show that the 
earth has been unstable in past geologi- 
cal times and is now unstable. There 
are few places on the earth’s land sur- 
face which do not show that they were 
at a former time below sea-level. This 
is indicated, of course, by the presence 
in the rocks of fossils of marine life. 
Even on the slides and slopes of the 
highest mountains marine fossils can be 
found. Areas which are now occupied 
by the Himalayas, the Alps, the Rockies 
and the Andes were in an earlier geo- 
logical time below tidal waters. These 
areas now have mountain peaks standing 
high above the sea. Even though it has 
been some millions of years since they 
were below sea-level, yet geologically 
speaking the rate of elevation of those 
mountain areas has been quite rapid. 
Areas once occupied by the mountains 
which furnished the sediments that were 
later raised into the present mountain 
masses now lie near or even below sea- 
level and are receiving new masses of 
sediments. 

The best geological evidence available 
indicates very definitely that all moun- 
tain and plateau areas were once areas 
in which great masses of sediments had 
been deposited. There must therefore 
be some process operating in the earth 
which is closely connected with sedimen- 
tation and mountain and plateau build- 
ing. It seems evident that the mass of 
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some blocks of the earth’s crust is made 
smaller by erosion and that of other 
blocks is made larger by sedimentation 
provided there is no movement of sub- 
crustal material to restore the balance. 

The earth’s crust must be very weak 
to yield to the forces involved in erosion 
and sedimentation, for it is certain that 
a deficiency or excess of load or mass 
amounting to a disk of surface rock of 
indefinite horizontal extent and a thou- 
sand feet thick could be detected easily 
by means of gravity data. There are 
geological evidences that ten thousand 
or more feet of material have been 
eroded from some areas and that thirty 
thousand feet or more of sediments have 
been deposited in others. Using a thou- 
sand feet of material as the minimum 
amount that could be detected by geo- 
detic evidence we should still have to 
conclude that isostasy is in a high state 
of perfection. I am convinced that the 
masses of the earth’s block do not devi- 
ate even a thousand feet from normal. 
A disk of a thousand feet of material of 
indefinite horizontal extent would cause 
a variation from normal gravity of 
about thirty parts in a million. No such 
deviation from normal gravity occurs 
over any large land area which has been 
investigated. 


Srupy or Graviry ANOMALIES BY 
GROUPING STATIONS 


There are, of course, gravity anoma- 
lies which are larger than thirty parts 
in a million, but the area within which 
such large anomalies obtain is small. A 
brief report entitled ‘‘Isostatic Condi- 
tion of the United States as Indicated by 
Groups of Gravity Stations,’’ Serial No. 
366 of the Coast and Geodetic Survey, 
shows very clearly that the average 
anomaly for a portion of the area of the 
United States about 350 miles square is 
quite small. In fact, there are only a 
few sections of the country of that size 
where the average anomaly is more than 
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about fifteen parts in a million or the 
equivalent in mass of a disk of rock 450 
feet thick. This is an exceedingly small 
amount of material as compared with 
the great masses which have been eroded 
from mountains and plateaus and car- 
ried to tide waters and to lakes and 
valleys. 

The mean of the average gravity 
anomalies for the thirty-eight squares or 
sections into which the country is 
divided is only —.004 dyne. This of 
course shows that the United States as a 
whole is not underlaid by an excess or 
deficiency of crustal material. Since one 
part in a million is the attraction of a 
disk only thirty feet thick, four parts in 
a million is equivalent to only about 120 
feet. This, however, does not represent 
a true departure from isostasy, for the 
theoretical formula on which the anoma- 
lies are based may not be absolutely true 
and this residual may represent un error 
in it rather than a measure of the de- 
parture from equilibrium of the crust 
under the United States. 


EXPLANATION OF GRavITY ANOMALY 


A gravity anomaly is the difference 
between the observed value of gravity 
and the theoretical value. If the earth 
had a perfectly smooth ellipsoidal sur- 
face and if for any latitude the densities 
along radii varied in the same way, then 
the variation of gravity on the surface 
would follow a very definite law. The 
actual sea-level surface of the earth ap- 
proaches very closely to an ellipsoidal 
surface, and gravity observations are 
referred to it. The change in the value 
of gravity with change of elevation is 
well known, and a correction can be 
applied to the observed gravity to reduce 
it to sea-level under the point of obser- 
vation. Corrections can also be com- 
puted and applied to the observed value 
of gravity for the effect of the topo- 
graphic masses, which are the masses 
above sea-level or the deficiency of mass 


in the ocean waters. Finally a correc- 
tion can be computed and applied for 
the effect of the isostatic compensation 
or the deficiency in density in the crust 
below mountains and islands and the ex- 
cess of density in the crust beneath 
ocean areas. 

If these corrections are applied to the 
theoretical value of gravity at sea-level 
at the latitude of the station the differ- 
ence between the resulting value and the 
observed value is the gravity anomaly. 
Sometimes the corrections referred to 
are applied to the observed value of 
gravity in order to reduce it to sea-level 
below the point of observation. In this 
ease the difference between this cor- 
rected value and the theoretical value at 
sea-level at the latitude of the station is 
the gravity anomaly. The anomaly has 
the same value in either case of course. 


Srupies or Isostasy IN CANADA 


Some of the most valuable geodetic 
data used in isostatic investigations have 
been obtained by the Dominion Observa- 
tory, Ottawa, Canada. That organiza- 
tion has made a gravity survey over 
parts of Canada, and a recent paper by 
Mr. A. H. Miller, of the observatory, 
entitled ‘‘Gravity in Western Canada,’’ 
gives data for sixty-nine gravity sta- 
tions. Many of these stations are in 
high mountainous areas, and it is very 
remarkable that the anomalies are ex- 
ceedingly small even though the average 
elevation of the stations is great. As a 
matter of fact, there are forty-three 
stations of the sixty-nine which have 
elevations greater than 1,000 feet, while 
sixteen stations have elevations more 
than 2,500 feet. There are only three 
stations at elevations above 2,500 feet 
which have anomalies more than twenty 
parts in a million. 

The data secured by Miller lead one to 
believe that the mountain areas of 
Canada are in a high state of equilib- 
rium. Gravity data in mountainous 
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areas in other parts of the world lead to 
the general conclusion that mountain 
masses are not extra loads added to the 
crust beneath but that they are balanced 
by a deficiency of mass in the crust 
under them. Where there is so much 
topography, that is, mass above sea- 
level, a small anomaly is an indication 
of only a small percentage of departure 
from the true isostatic state. But even 
these small anomalies are not positive 
evidence of a real departure from isos- 
tasy, for they may be due to irregulari- 
ties in density distribution near the 
gravity stations. They may also indi- 
eate an erroneous value for the com- 
puted topographic effects as the region 
near a station may not have been com- 
pletely mapped. 

Miller made a computation of the 
depth of compensation from his gravity 
data at twenty high stations in the 
Rocky Mountains. He concludes the 
discussion of the depth of compensation 
with the following sentence: ‘‘ Evidently 
the most probable depth of compensa- 
tion for the twenty stations is between 
85.3 and 113.7 kilometers, possibly 
slightly less than 100 kilometers.’’ The 
most probable value for the depth of 
compensation derived by an analysis of 
the deflection and gravity data in moun- 
tuinous regions of the United States is 
ninety-six kilometers, or approximately 
sixty miles. It is rather interesting that 
this value and Miller’s should agree so 
closely. 


DETERMINATION OF DEPTH OF 
COMPENSATION 


It is impossible to obtain a correct 
value for the depth of compensation by 
the use of gravity stations which are on 
extended plains or in wide interior val- 
leys. If there were no errors in the 
observations for gravity and if there 
were no other causes for the anomaly 
than the compensation of the topo- 
graphic features then it would be possi- 


ble to derive a depth which would have 
a fair degree of accuracy from plains 
stations and stations where the average 
elevation around the station is not 
great. We know, however, that the 
eause of at least a large part of the 
gravity anomalies is the effect of masses 
of material close to the stations which 
have abnormally heavy or light 
densities. 

Where the average elevation of the 
topography close to the station is great 
then there is a large effect of this 
compensation on the value of gravity. 
Even though there might be abnormally 
heavy or light material close to the sta- 
tion, the effect of the compensation 
would overbalance this, and we should 
be able to obtain a depth value which 
would have much strength. If we 
should take many gravity stations in 
high areas then the effects of the local 
divergences from normal densities on 
the various stations would tend to bal- 
ance out, and the derived value for the 
depth of compensation would be very 
strong and probably very close to the 
truth. 

At Seattle, Washington, which is 
quite far from large masses of topogra- 
phy, the gravity anomaly, after the 
isostatic reduction has been made with a 
depth of compensation of 113.7 kilo- 
meters, is ninety-three parts in a million 
of gravity. The elevation of the Seattle 
station is less than two hundred feet 
above sea-level and the attraction of the 
topography in the vicinity of the station 
is not more than about six parts in a mil- 
lion. We can see that no change in the 
depth of compensation used could mate- 
rially reduce the anomaly, which is 
many times six parts in a million. 

It was mentioned above that the sta- 
tion must be surrounded by an area hav- 
ing large masses of topography. This 
statement applies to stations which may 
be at sea, either on ocean islands, over 
the margins of continental shelves or 
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over great ocean deeps and submerged 
ridges. What are really needed are 
large masses of topography and irregu- 
larities in the elevations or depths of 
this topography in order that a fairly 
accurate value may be obtained for the 
depth of compensation. 

The method of determining the depth 
of compensation has been criticized by 
some opponents of isostasy. We assume 
that the crustal material extends to a 
uniform depth and then compute the 
effect of the isostatic compensation dis- 
tributed uniformly to various depths 
differing successively by several miles. 
From the data secured we are able to 
determine the anomalies for each of the 
several depths used. That depth should 
be the most probable one which makes 
the sum of the squares of the anomalies 
a minimum. The method of determin- 
ing the depth of compensation is set 
forth in some detail in Special Publica- 
tion No. 40 of the Coast and Geodetic 
Survey. 

This method of determining the depth 
of compensation may enable us to tell 
whether the Airy or the Pratt idea of 
isostasy is the true one. Eventually we 
may secure a great amount of gravity 
data in each of the great mountain sys- 
tems of the world. If the Airy idea is 
the correct one we should obtaia derived 
depths which will vary directly as the 
average height of the mountain area. 
There is more topography to be compen- 
sated for in the Himalayas than in the 
Rockies, and therefore if mountain 
masses are upheld by roots those exten- 
sions into subcrustal space should be 
greater for the Himalayas than for the 
Rockies. We shall have to wait for the 
solution of the question until we have 
vastly greater amounts of gravity and 
deflection data in the areas covered by 
the great mountain systems. 


HorizontTaL Extent or COMPENSATION 


One of the problems of the future will 
be to learn whether an area of small ex- 
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tent is underlaid by crust which is not 
of itself in isostatic equilibrium. It is 
certainly true that a mountain peak 
such as Mt. Shasta or Pike’s Peak is not 
compensated for by a deficiency of mate- 
rial immediately below. If the compen- 
sation is strictly local then each column 
of material a few hundred feet or a few 
miles in diameter, extending from the 
surface to the depth of compensation, 
must have a deficiency of mass equal to 
the mass above sea-level. Undoubtedly 
there is regional compensation of topo- 
graphic features such as mountain 
peaks and mountain ridges, but I do not 
believe that the compensation that bal- 
ances such features extends for great 
distances around them. The data avail- 
able at present do not enable us to de- 
rive the exact distances to which the 
compensation extends, but after consid- 
ering all geological and geophysical facts 
the most probable conclusion is that the 
compensation does not extend as far as 


fifty miles around any topographic 
feature. However, this is not based on 
definite evidence. It is hoped that 


future data will enable us to throw light 
on this very interesting subject. 


DENUDATION AND SEDIMENTATION 


The student of the earth necessarily is 
anxious to solve the problems involved 
in the great changes which have oc- 
eurred on the earth’s surface during 
geological time. In the absence of defi- 
nite information we can only guess at 
many of the possible causes. Some of 
these guesses may be close to the truth 
and some may be far from it. In any 
event, we know one cause which is surely 
a fundamental and important one. That 
is the shifting of masses over the earth’s 
surface as a result of denudation and 
sedimentation. These processes work 
slowly when reckoned in terms of the 
length of human life but in terms of geo- 
logical time they are most important. 

The amount of rain to-day over the 
land surface of the earth averages about 
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thirty inches per year. At this rate a 
mile of rain would fall in about two 
thousand years. In a billion and a half 
years the amount would be approxi- 
mately three fourths of a million miles 
of rain. We use a billion and a half 
years because that represents, according 
to best geological and geophysical evi- 
dence, the time elapsed since geological 
processes as we know them to-day first 
began their operations. The beginning 
of the sedimentary age of the earth was 
a long time ago. Sediments of course 
can not be carried without running 
water and an irregular surface of the 
earth, and running water requires rain. 
We may therefore conclude that rain 
began falling about a billion and a half 
years ago, that it probably has con- 
tinued to the present time without inter- 
ruption and that in the beginning the 
earth’s surface was irregular. 

Rainfall causes an enormous amount 
of denudation. According to measure- 
ments of the U. S. Geological Survey the 
amount of material carried from the 
United States to tidal waters is the 
equivalent of one foot from the whole 
surface of this country in nine thousand 
years. At this rate a thousand feet of 
erosion would occur in nine million 
years, or a mile in forty or fifty million 
years. During the sedimentary age, at 
this rate, there might have been thirty 
miles of erosion, but of course no such 
amounts could have been eroded from a 
given region, because even the highest 
areas like the Himalayas would be re- 
duced to sea-level long before any such 
amounts were eroded. 

According to the isostatic idea much 
more material must be eroded to base- 
level a mountain area than exists above 
sea-level at any one time, because as 
erosion continues there is a rising up of 
the subcrustal material below to restore 
the isostatic balance. If the difference 
in density of the surface and the lower 
portion of the crust is 20 per cent. there 


should be an upward movement of the 
erust of eight hundred feet as one thou- 
sand feet is eroded from the surface. 
An area would be decreased only two 
hundred feet in average elevation by the 
erosion from it of one thousand feet of 
material. 

As sediments are laid down the crust 
beneath surely sinks under them. Some 
of the sinking is due to causes that are 
independent of the weight of the sedi- 
ments, but undoubtedly the pressure of 
the sediments is an important factor in 
the movement. 

The isostatic condition of the crust 
seems to be maintained almost to perfec- 
tion. This condition has probably ob- 
tained during the entire sedimentary 
age. If this is true then the crust of the 
earth must give way to stress differences 
caused by denudation and sedimenta- 
tion. Undoubtedly the maintenance of 
the isostatic balance is a very important 
factor in geology. Much has been writ- 
ten in geological literature of the crush- 
ing, folding and overturning of strata in 
uplifted areas. In general the authors 
have either stated or led the readers to 
infer that most of this uplift and distor- 
tion occurred during the growth of the 
mountain systems. In my judgment 
much of this movement and distortion 
has been due to the moving upward of 
the earth’s crust under areas of erosion 
to restore the equilibrium. 

Since under sediments the earth’s 
crust is depressed to maintain the equi- 
librium, it is reasonable to suppose that 
much of the breaking and folding of 
strata occurs as the sediments are laid 
down. Sedimentary material is usually 
deposited irregularly along a coast. At 
one time a river’s mouth may be at a 
certain place on the coast and at another 
time some thousands of years later it 
may be a hundred miles or more away. 
This irregularity in time and place in 
the way the sediments are laid down 
leads to irregularity in the strata. 
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Although the records of the U. 8. Geo- 
logical Survey indicate that the rate of 
denudation from the United States is 
equivalent to one foot in nine thousand 
years, this does not represent all shift- 
ing of material in our area. Much of the 
eroded material from a high mountain 
area or from a dissected plateau region 
does not reach tidal water. It is depos- 
ited in the foothills or out on the plains 
just beyond. Apparently a much more 
rapid rate of erosion takes place from a 
region of high elevation than from the 
area of the United States as a whole. 
This leads us to believe that the rate of 
uplift in a mountain area to restore the 
isostatic balance is far greater than that 
for the United States as a whole. 


MountTAIN FORMATION 


Many mountain areas have been ele- 
vated and then later depressed below 
sea-level. In some cases this has oc- 
curred several times. Do we not here 
find a correlation between the erosion 
and the sedimentation on the one hand 
and subsidence and elevation on the 
other? An area which in one geological 
era is receiving sediments and being de- 
pressed and in a later one is being ele- 
vated shows that the placing of sedi- 
ments must have some effect on its 
changes in elevation. 

For the first mile and a half below the 
earth’s surface we know that the tem- 
perature is increasing with depth. Dur- 
ing sedimentation the earth’s crust is 
depressed an amount approximately 
equal to the thickness of the sediments. 
Every part of the depressed crust goes 
into a zone whose normal temperature is 
higher than that of the zone previously 
occupied. Later on there is undoubtedly 
some uplift of the sedimentary area due 
merely to the normal thermal expansion 
as the crustal material takes on its new 
temperature. But this thermal expan- 
sion would be only approximately three 
thousand feet even for a depression of 
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thirty thousand feet, and this estimate 
is based on the assumption which can not 
be strictly true that there would be no 
heating of the crust while it was sinking 
under the weight of the sediments. 
There must therefore be some other rea- 
son besides the normal thermal expan- 
sion to cause an area to be elevated a 
mile or more following a period of sedi- 
mentation. 

Some areas which have been high and 
subjected to denudation are now low or 
even below sea-level. Here we have the 
opposite process to that which affects the 
crust under an area of sedimentation. 
As denudation progresses the crust be- 
neath is pushed up by subcrustal mate- 
rial to restore the balance. This brings 
the crustal material into higher and 
presumably colder zones. As the mov- 
ing material assumes the temperature 
normal to its new position the decrease 
in temperature causes it to contract. A 
depression of the surface results and a 
trough may be formed into which new 
sediments tend to be deposited. . The 
depression of such an area is probably 
much more than would be caused by 
normal thermal contraction. 

The depression and the uplift of areas 
must be due to a large extent either to 
some chemical or physical changes which 
cause increased or decreased densities of 
crustal material, or to forces acting tan- 
gentially in the earth’s crust which tend 
to compress certain areas and to elevate 
them, and to expand and depress other 
areas. The writer believes that the 
changes in elevation, aside from those 
due to normal thermal expansion and 
contraction, are due to chemical or 
physical processes which change the 
density of the crustal material. 

Recently the writer had a conversa- 
tion with Professor Charles P. Berkey 
in which the question of isostasy and of 
the maintenance of the isostatic equilib- 
rium of the earth’s crust was discussed 
in some detail. We agreed that erosion 





174 THE SCIENTIFIC MONTHLY 


and sedimentation are factors in chang- 
ing elevations of the earth’s crust, but 
Professor Berkey held that denudation 
and sedimentation are not the most im- 
portant factors in the uplift of moun- 
tains and plateaus. He holds that the 
story of such uplifts could be told if we 
knew more about volcanism and of the 
behavior of igneous rocks. I can sub- 
scribe heartily to that view. Undoubt- 
edly volcanism is a very important 
factor, but the question of whether vol- 
canicity, or that which causes it, is the 
principal factor involved in uplift is 
debatable. As is shown above, the 
pushing down of the crust into hotter 
zones by the weight of sediments and 
the movement upward of the crust to re- 
store the balance under areas of denuda- 
tion may be a primary cause with vol- 
canicity as the secondary one. In any 
event, to cause an uplift of the earth’s 
surface to the extent of one mile in- 
volves a change in density of the mate- 
rial of the crust throughout the sixty 
miles of thickness of less than 2 per cent. 
Surely this is not a very large change of 
density, and it might well be caused by 
some change of physical or chemical 
state due to changed temperature and 
pressure brought about by denudation 
and sedimentation. 

The earth’s crust must be very weak 
to permit the isostatic condition to be 
maintained so perfectly. Thousands of 
earthquakes occurring every year indi- 
cate that rock is being broken under 
stress and strain. It is difficult to see 
how the earth’s crust can at one place 
be under tremendous horizontal com- 
pressive stresses resulting in an uplift 
and not far away be subjected to hori- 
zontal tensional stresses resulting in a 
depression. As a matter of fact, uplift 
and sinking are going on at the same 
time in the earth’s crust, for where a 
mountain area is being formed in a re- 
gion that was previously subjected to 
heavy sedimentation a trough is being 


formed where the mountains once stood 
that furnished the sediments now being 
uplifted. Surely the earth’s crust as a 
single unit can not at the same time be 
subjected to both compressive and ten- 
sional horizontal strains world-wide in 
extent. 


RELATION OF GRAVITY ANOMALIES TO 
GEOLOGICAL STRUCTURE 


When the gravity data are corrected 
for the effects of topography and com- 
pensation and the anomalies are ob- 
tained this information can be applied to 
certain geological problems. It has been 
found that the isostatic gravity anoma- 
lies in general are due to abnormal den- 
sities close to the gravity stations both 
horizontally and vertically. Where sta- 
tions are placed close together around a 
disturbed area the space occupied by 
abnormally light or heavy material can 
be outlined in a general way. 

There are several instances in the 
United States where the gravity anoma- 
lies and the geological structure seem to 
be in complete accord. A notable exam- 
ple is the eastern margin of Puget 
Sound. Thirty or more years ago a sta- 
tion was established at Seattle and the 
anomaly, or unexplained difference be- 
tween the observed and theoretical value 
of gravity, was found to be ninety-three 
parts in a million, which corresponds to 
the attraction of a disk of surface rock 
of indefinite horizontal extent and about 
2,800 feet in thickness. The block of the 
earth’s crust under Seattle seemed to 
have a deficiency of mass equal to that 
amount. The opponents of isostasy 
some years ago made much of this large 
Seattle anomaly, claiming that it indi- 
cated that the northwestern part of the 
United States is abnormally light. 
When additional gravity stations were 
established in the Puget Sound region, 
however, the data secured showed very 
clearly that there is a narrow strip run- 
ning north and south along the eastern 
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margin of Puget Sound in which the 
gravity anomalies are all negative and 
rather large in amount. On the western 
margin of the sound the gravity anoma- 
lies are practically zero or normal. In 
a comparatively short distance east of 
Puget Sound the gravity anomalies be- 
come very much reduced in size. All 
this indicates that there is a deep trough 
filled with recent material running along 
the Puget Sound region. This deduc- 
tion is substantiated by the opinions of 
geologists that there is a vast amount of 
recent sedimentary material along the 
eastern margin of the sound. The data 
do not indicate, therefore, any decided 
departure of the earth’s crust from the 
isostatic condition in the Seattle region. 

There is a large gravity anomaly at 
Minneapolis, Minnesota, at a station 
which for several years stood alone, with 
no others within about two hundred 
miles of it. The large anomaly, fifty- 
nine parts in a million, seemed to indi- 
cate that the region around Minneapolis 
is too heavy and therefore out of balance 
with the rest of the earth’s crust. Later 
several gravity stations were located 
around Minneapolis, and these did not 





show large positive anomalies. In fact 
one of them at Baldwin, forty miles to 
the eastward, has a large negative 
anomaly. Several years afterwards a 
well was sunk in the vicinity of Minne- 
apolis and at a comparatively shallow 
depth a ledge of very heavy rock was 
discovered. At Baldwin the geological 
evidence seems to indicate the presence 
of a large body of recent sedimentary 
material. There are many cases where 
gravity stations placed close together in- 
dicate buried structure. Therefore it 
would seem possible to depend on grav- 
ity observations in reconnaissance sur- 
veys made to disclose at least the major 
features of buried structure. In this 
way gravity observations have a value in 
both economic and theoretical geology. 

There is much more that could be said 
in regard to the importance of keeping 
isostasy constantly in mind when one 
tries to solve the great structural and 
dynamic problems of geology. Much has 
already been written on the subject, and 
the literature of the future will undoubt- 
edly treat isostasy at even greater 
lengths than has been the case in the 
past. 
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HUMAN BIOLOGY 


By EDWIN R. EMBREE 


PRESIDENT OF THE JULIUS ROSENWALD FUND, CHICAGO, ILLINOIS 


As I read the twenty-seven manu- 
scripts which together went to make up 
the volume ‘‘Human Biology and Racial 
Welfare,’’ I found myself thinking of 
Clarence Day’s essay which he entitled 
‘This Simian World.’’ He considered 
what kind of a planet this might be if 
some other species than the great apes 
had evolved into mastery. What dig- 
nity and wisdom might have been dis- 
played if children of elephants instead 
of monkey-like animals had developed 
into leadership ; what cleanness and cun- 
ning in a world ruled by super-cats; 
what poise and wisdom in the glorified 
descendants of eagles! But as a matter 
of fact, animals akin to monkeys were 
the ones who did evolve; it is the chil- 
dren of that race who rule the earth to- 
day. The biology derived from this an- 
cestry governs our potential develop- 
ment and marks its ultimate borders. 

We inherit some very great liabili- 
ties from these animal forebears. Our 
bodies are weak and puny as compared 
with the magnificence of elephants. 
The grace and beauty of the great cats 
is lacking in our simian civilization. 
We have little sense of personal dignity 
and no real regard for privacy. We 
congregate in hordes, live together 
crowded into tenements and hotels. 
We are unstable, constantly running 
after new toys and new ideas, rushing, 
often aimlessly, up and down the earth 
as our ancestors used to scuttle chatter- 
ing among the trees. 

But we inherited in common with our 
monkey cousins one great talent, namely, 
curiosity. And that single quality, prob- 
ably more than all other things taken to- 
gether, is responsible for the phenomenal 
progress of our race. We have an in- 
satiable hunger to know all about every- 
thing. This appetite drives us to avid 


gossip about our fellows; to handling 
and tinkering with—‘‘monkeying with’’ 
—every object or idea that crosses our 
path; to rushing hither and yon to 
glimpse a dog fight or view an aero- 
plane, and also to deep and profound 
study of intricate problems of medicine 
and physics. 

Two other characteristics have helped 
us humans in our special type of prog- 
ress. Our chattering forefathers have 
given us a love of talk. We are forever 
gabbling; we have invented great sys- 
tems of language; we even pay men to 
talk to us in groups. We build huge 
temples called libraries in which to 
hoard this preserved chatter. We com- 
pel children to devote years to the 
study of talk of previous generations. 
We have invented devices whereby we 
can speak to our friends thousands of 
miles away, and machines which record 
our babble and reproduce it. This 
ability to talk and our devotion to it is 
a biological character of our species. 
It enables us to communicate ideas as 
well as gossip and to pass on to the 
whole race our accumulated research 
and experience. 

We have also inherited a compulsion 
to action. We must always be busy; we 
rush about; we build and tear down and 
build again. We are not content simply 
to inquire and find out everything, but 
we are driven to do something about it 
all. This, again, while it means a lot of 
aimless motion, also results, for example, 
in turning our knowledge of physics 
into bridges and steam trains and aero- 
planes, and our knowledge of chemistry 
and medicine into protection of health. 

The twenty-seven collaborators have 
themselves provided evidence in support 
of Day’s thesis. Each of them is a dis- 
tinguished investigator, driven by a 
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HUMAN 


‘*’satiable curtiosity’’ for facts and ex- 
planations. Then having made their 
explorations they must tell of them; 
and in the telling they disclose their 
interest in the application of their facts 
and theories. Fortunately the desire to 
tell is strong, and it has led them to 
write far more easily and entertainingly 
than is common in scientific treatises. 
Fortunately, too, their desire to write 
popularly has not outweighed a pains- 
taking regard for the facts. 

What these twenty-seven men of sci- 
ence have joined to tell us is the kind of 
world we live in, the kind of creatures 
we are, the probable limits of our future 
development and the extent to which the 
human race, by its own effort, can hope 
to change the world of to-day into a 
more desirable world to-morrow. 

It is important that in such funda- 
mental matters we proceed, wisely, cau- 
tiously and on the basis of well-estab- 
lished facts. Any constructive activity 
in human biology must rest upon the 
carefully assembled findings of wise re- 
search and must be supported by intelli- 
gent public opinion. Monkeying with 
the universe is risky business on any 
other terms. Indeed, in many minds, 
the danger outweighs all other consider- 
ations. Though human progress 
been a series of triumphs over natural 
forces, certain people can be counted 
upon to ery out against any new pro- 
posal, however well founded upon fact 
and however carefully considered. They 
call these proposals ‘‘perversions of na- 
ture.’’ Of course they are. Man rules 
and always has ruled by bending the 
world to his will. 

Man rules, in so far as he does, be- 
eause he has turned nature to his ser- 
vice. Natural science is a series of vic- 
tories over other animals and over in- 
animate forces. Coal, in the normal 
‘*state of nature,’’ lies in deep pockets 
underground; electricity naturally is 
jumping haphazard about the universe. 
Man has lured the bees to store up great 
piles of sweet food, not for themselves, 


has 
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but for Cows, that by nature 
furnish milk for their young, he has per- 
verted into continuing their supply of 
milk long past the needs of their calves. 


He has exploited the seed-bearing na- 


man. 


ture of fruits and grains. He has 
crossed one species with another and 
produced such hybrid foods as the 
tangelo grapefruit. He has developed 


the normal 
vegetables so that 


Burbank 


potatoes, more profuse grain on many 


to a of 
tendencies of 


state perversion 
many 
larger, richer roots grow on 
varieties of wheat and oats, larger and 
more stalks 
He has interfered with the natural re- 
production of animals in order to breed 
cattle with greater quantities of muscle 
for him to eat, and hens with a penchant 
He has produced ab- 
and 


succulent on sugar-cane. 


for laying eggs. 
Ss 


normalities such as oxen mules 
where these better serve some special 
purpose of his. 

Man also interferes with nature when 
he kills parasites which might otherwise 


He 


fives 


cause his illness or death. changes 
natural when he 
thetics to deaden pain and when he aids 
childbirth. The whole story of medi- 
cine is a history of triumphs over nat- 
ural And 
ning to take an interest in even more 
vital elements of control. 
birth control; he makes it impossible for 
certain of the insane or feeble-minded 
to reproduce their kind. He is begin- 
ning to inquire about the possibilities of 


processes anes- 


forces. now man is begin 


He pract ices 


breeding not only better horses and 
dogs, but even a finer race of men. 
Against such proposals many ery, ‘‘It 


is a perversion of nature.’’ 
but no more so than flying in aeroplanes, 


Certainly ; 


using milch cows, growing grapefruit or 
wiping out the cause of yellow fever. 

‘*Human Biology’’ is a book for those 
who dare to look at the world as ‘‘bio- 
logical statesmen.’’ No book could con- 
tain all the basic facts and theories, but 
I know of no other volume which 
sents so many of them or presents them 
with greater authority and charm. 
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RAMON Y CAJAL—AN APPRECIATION 


By Dr. WILLIAM H. F. ADDISON 


THE GRADUATE SCHOOL OF MEDICINE, UNIVERSITY OF PENNSYLVANIA 


At the corner of the Paseo de Atocha 
and the Calle de Alfonso XII in Madrid 
is the Museo Antropolégico, with its pil- 
lared portico and domed roof. In front 
of the museo are two statues in stone, 
one of them of Michael Servetus, who 
lived in the sixteenth century, and whose 
history is well known to all physiologists 
and anatomists. Adjoining the museo is 
a three-story building, not unlike neigh- 
boring houses, with arched entryway 
and baleonied windows, and on the third 
floor is the laboratory of Professor San- 
tiago Ramon y Cajal, the fame of whose 
researches has extended to all parts of 
the scientific world. Such are the pres- 
ent surroundings of this great investi- 
gator, who has done more than any one 
else to make clear the cellular structure 
of the nervous system. The illustration 
on page 179 is from a photograph taken 
in the library of the institute in the 
spring of 1928, while I was studying 
there. 
adjoining it much of his recent work 
The library itself is 
The walls 


In this room and in the small one 


has been done. 
worthy of special comment. 
are lined with books on all sides from 
floor to ceiling. On one of the shelves 
back of the table where the master sits is 
a row of books embodying the researches 
of himself and his pupils. To these he 
often refers the student for some point 
in question or topie to be elaborated. 
The laboratory consists of a series of 
more or less connected rooms, and here 
the research workers have their tables 
and the technicians make the silver 
preparations. The equipment, both in 
the way of microscopes and of photomi- 
crographie apparatus, is modern, mostly 
German or French, and the chemicals 
used are of the best. There is a feeling 


OO EE 


of optimism and cheerfulness in the air, 
as if past achievements were the best 
augury for future successes. 

The wide-spread influence of this 
Spanish school of neurohistology may be 
readily gauged by looking into books of 
histology, anatomy or physiology, and 
seeing the number of illustrations cred- 
ited to Cajal. 

Cajal’s most comprehensive work is 
his ‘‘Textura del sistema nerviosa del 
hombre y de los vertebrados,’’ published 
in 1899-1904. This was translated into 
French by Dr. Azoulay and published 
by Maloine et Cie. in Paris in two vol- 
umes in 1909-11. In this book he gives 
the results of his personal researches on 
the histology of all parts of the nervous 
system. One of the collateral factors in 
the success of the comprehensive survey 
which he was able to make was his choice 
of animal for his work. He made great 
use of the mouse, one of the smallest of 
mammals, and by using the young of 
this form as well as of other forms he 
was able to follow through all the strue- 
tures of the brain in a comparatively 
small number of microscopic sections. 
Also, because of the contiguity of the 
various nuclei, he could often see nerve 
processes extending to their destination. 
Thus he was able to see the architecture 
of the mammalian brain in a way nobody 
had been able to see it before. Follow- 
ing him, many have investigated special 
parts of the brain, and time and again 
have found themselves merely elaborat- 
ing what Professor Cajal had already 
observed. 

Early in life the young Cajal showed 
a decided taste for drawing. Indeed, he 
would have liked to become an artist and 
devote himself to art alone. And _ so, 
when he began to study osteology and 
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PROFESSOR RAMON Y CAJAL IN THE 


later to examine his microscopic prepa- 
rations, he was able to make fine draw- 
ings, and to this capacity for illustrating 
his own papers must be ascribed some of 
his success in making the world realize 
his discoveries. Always there is boldness 
of delineation, with delicacy of detail, 
which 
well-considered judgment. 


bespeaks clarity of vision and 

Professor Cajal has provided us with 
a delightfully intimate account of his 
autobiography entitled 
**Recuerdos de mi vida,’’ the third edi- 
tion of which was published by Juan 
Pueyo, Luna 29, Madrid, in 1923. Here 
he gives us in vivid fashion the events of 
his early life, his education, his military 
training in Cuba, his aspirations and en- 
thusiasms, and also a good account of 
his achievements. Certain parts of the 
opening chapters of this have been ar- 
ranged as a reading text in Spanish for 
the use of American college students, 
and published by Henry Holt in 1925. 
The best introduction to Cajal’s work is 


career in an 


LIBRARY OF THE INSTITUTO CAJAL 


to study this survey which he himself 


has given us. In more than one hundred 


full-page plates, he shows us in chrono 
logical order the results of his numerous 
studies. 

One of the earliest subjects was the 
structure of the cerebellar cortex, and to 
this he has repeatedly returned. His 
first study of it yielded important dis 
then elucidated for the 


first time the internal structure of the 


coveriles, and he 
cerebellum He was able to see (1888, 
1890 the endings of the 
bringing 


nerve fibers 
into the 


These he designated by the de 


impulses cerebellar 
cortex. 
seriptive terms of climbing and mossy 
fibers, and as a result of this discovery 
he was able to portray the pathway of 
nerve impulses through the cerebellar 
cortex, and the schema which he con 
structed you will see copied to the pres- 
ent day in practically all books treating 
of this topic 

In 1889 Cajal attended the Octobe 


meeting of the Deutsche Anatomische 
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Gesellschaft in Berlin. On his journey, 
he visited Frankfurt-am-Main, among 
other scientific centers, and there met 
Weigert and Edinger, of the Neurolog- 
isches Institut, as well as Paul Ehrlich. 
At Berlin he demonstrated his prepara- 
tions of cerebellum, retina and spinal 
cord to the assembled anatomists. 
Among these were His, Schwalbe, Ret- 
zius, Waldeyer and Koelliker. There 
were beautiful preparations of axones of 
granule cells of the cerebellum, pericel- 
lular baskets, climbing and mossy fibers, 
the bifurcations and ascending and de- 
scending branches of the sensory spinal 
roots, the long and short collaterals of 
the tracts of the white substance, the ter- 
minations of the retinal fibers in the 
optic lobes, ete. After this convincing 
demonstration he received many sincere 
felicitations. The most interested of all 
was perhaps Koelliker, the venerable pa- 
triarch of German histology. After the 


demonstration he took charge of Cajal, 
entertained him at dinner at his hotel, 
introduced him to many of the most 
notable German histologists and embry- 
ologists and exerted himself to make his 


stay in the Prussian capital agreeable. 
Koelliker was especially interested in the 
minute details of the methods employed, 
and after the meetings went back to 
Wurzburg and tried out the methods as 
used by Cajal. In this way he was able 
to make successful preparations and to 
substantiate and uphold Cajal’s work. 
After this a knowledge of Cajal’s name 
and achievements spread _ rapidly 
through the scientific world, and it was 
recognized that a new star had arisen. 
An idea of his rapid progress and of 
the readiness with which the scientific 
world acclaimed his results may be 
gained from the record of the many in- 
vitations and honors received from for- 
eign countries. In 1894 he was invited 
to give the Croonian lecture before the 
Royal Society in London; in 1899 he 
came to America to take part in the cele- 
bration arranged by Clark University to 
mark the completion of its first ten 
years; in 1906 he shared with Camillo 
Golgi one of the Nobel prizes. On each 
of these occasions he made addresses in 
which he summarized the results of his 
recent research, and these give a clear 
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indication of the continued trend of his 
work. 

In 1894, when he was in his forty-sec- 
ond year, he delivered the Croonian lec- 
ture of the Royal Society of London. 
This is a signal honor accorded only to 
investigators of the first rank. Virchow 
had been the lecturer of the preceding 
year, and Koelliker and Retzius on ear- 
lier occasions. It was not without some 
hesitation that he accepted the invita- 
tion. However, the cordiality of the sec- 
retary of the Royal Society, Michael 
Foster, and of his host, Charles Sher- 
rington, made the visit pleasant and 
agreeable. His title was ‘‘La fine struc- 
ture des centres nerveux,’’ and the lec- 
ture was printed in full in the Proceed- 
ings of the Royal Society, volume 55, 
1894. A good abstract in English ap- 
peared in the British Medical Journal at 
the same time, and also a brief account 
of Cajal’s career. The lecture was given 


with 


House. 


In order 


on March 8 at Burlington 
Sir John Lubbock in the chair. 
to follow the discourse each one in the 
audience was given a printed abstract of 
the more important points. By the aid 
also of photomicrographs and of large 
colored charts, Cajal was able to demon- 
and 


observations in a clear 


After referring to 


strate his 
convincing manner. 
the 
scribed the minute anatomy of the cere- 


newer histological methods, he de- 
bral nerve cells, and traced some of the 
pathways for nerve impulses within the 
brain, especially of the olfactory and 
visual systems. He showed how the im- 
pulse within a nerve cell passed from 
dendrites to cell body, and from cell 
body to axone, introducing the idea of 
the dynamic polarity of the neurone, 
which is regarded to-day as a well-estab- 
lished law. 
Cambridge 
him the honorary degree of doctor of 


University conferred on 
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science on March 5. The official orator 
made the presentation address in Latin. 
In it he referred to the use of gold and 
silver in unraveling the delicate fila- 
ments of the human body, and coneluded 
with a selection, slightly altered, from 
the Spanish-born Roman poet Martial. 
All this was highly entertaining to the 
guest of honor. At the dinner of the 
Royal Society he was acclaimed with 
great enthusiasm, and Michael Foster 
declared in his eloquent discourse that 
‘*thanks to the work of Cajal, the impen- 
etrable forest of the nervous system had 
been converted into a regular and pleas- 
He was showered with all 
Also he was taken 


ing park.’’ 
forms of hospitality. 
about the hospitals and medical schools, 
and regarded himself as fortunate in see- 
ing physiological experiments in the lab- 
oratories of Ferrier, of Horsley aad of 
Mott, and histological 
preparations of Schaefer and of Sher- 


examining the 


rington. 

In 1899 Cajal was invited to take part 
celebration of the 
He was 


in the decennial 
founding of Clark University. 


one of five distinguished Europeans se- 
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lected to give addresses embodying the 
results of their own 
others were A. Mosso, professor of physi- 
Picard, professor of 


researches. The 


ology at Turin; E. 
mathematies at the Collége de France; 
A. Forel, of the University of Zurich, 


and L. Boltzmann, professor of theo- 
retical physics at the University of 
Vienna. He arrived in New York at the 


beginning of July and found the heat 
suffocating, much hotter than Madrid, 
and the heat pursued him into New En- 
gland. At the celebration he gave three 
discourses on ‘‘The Comparative Study 
of the Sensory Areas of the Human Cor- 
tex,’’ a topic on which he had been work- 
ing during the years 1898 and 1899. In 
the audience, he tells us, there were 
chiefly physicians, naturalists and psy- 
chologists. The lectures were illustrated 
by large wall charts done in colors, and 
to those especially interested in neuro 
logical technique he gave a demonstra- 
tion of his microscopic preparations 
Cajal’s lectures 
French, but were translated for publica 
tion, and they together with the other 


were delivered in 


lectures and the proceedings of the 
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RAMON Y CAJAL— 


meetings were printed in a memorial vol- 
ume—‘Clark University, Decennial 
Celebration,’’ 1899, issued by the uni- 
versity. These lectures of Cajal were 
illustrated by thirty-one figures, and are 
important contributions to our knowl- 
edge of the subject. His closing para- 
graph strikes a prophetic note of more 
than passing interest : 





I can not conclude this, my third and last 


lecture, without a word of tribute to this great 
people of North America—the home of freedom 
and tolerance—this daring race whose positive 
and practical intelligence, entirely freed from 
the heavy burdens of tradition and the preju 
dices of the schools which still weigh so heavily 
on the minds of Europe, seems to be wonder 
fully endowed to triumph in the arena of sci 
entific research, as it has many times triumphed 
in the great struggles of industrial and com 
mercial competition. 


After the meeting he visited the edu- 
cational institutions of Boston and New 
York, and also took a trip to Niagara 
Falls. He saw much to interest him, and 
has written in the ‘‘ Reeuerdos’’ an en- 
tertaining account of his impressions of 
life in America. 

In 1900 the International Congress of 
Medicine, meeting in Paris, awarded 
him the Moscow prize. This was given 
for medical 
lished within the preceding three years, 
which had rendered the greatest service 
This was di- 


those achievements, pub- 


to science and humanity. 
rect testimony to the high place he al- 
ready occupied, not only in laboratory 
but also in clinical science. 

Perhaps the international 
honor attainable is to receive the Nobel 
In 1906 the prize in physiology 
San- 


greatest 


prize. 
and medicine was divided between 
tiago Ramon y Cajal, of Madrid, and 
Camillo Golgi, of Pavia. On December 
12, 1906, Cajal delivered his address at 
Stockholm on ‘‘Structures et connexions 
des neurones.’’ On the preceding day 
Golgi had given his address, ‘‘La doe- 
trine du neurone, théorie et faits.’’ <Al- 
ready, on December 10, the king had 
presented the prizes to the several re- 
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cipients in the presence of the royal fam 
ily, the diplomatic corps and a distin- 
guished gathering of literary and scien- 
tifie men. His introducer said that Cajal 
by his numerous discoveries had given to 
the the the 
form which was accepted at the present 
time, and that by his researches he had 
laid the foundation on which would be 
built the future developments of this 
At the banquet Pro- 


fessor Sundberg proposed an enthusi 


science of nervous system 


branch of science. 


astic toast to Professor Cajal Cajal 
responded, also in French, and recalled 
among other things the memory of his 
illustrious predecessors, the pioneers in 
the science of histology. 

Each time Cajal was called away from 
his laboratory he received high honor, 
and now he had achieved the pinnacle of 
scientific recognition. But his life work 
was only well begun. He was already) 


having success with his new methods of 


reduced silver for demonstrating the 
neurofibrils within the neurones, and 
from these he advanced into new meth 


structure of the 
In the appli 


the 
neuroglia more definitely. 


ods for showing 


cation of these methods he was aided by 
his students, who exhibited the same en 
thusiasm as the master. As a result, the 


Spanish school of neurohistology has 


contributed as much to the knowledge of 
the neuroglia as of the neurones. 
Madrid has already honored herself in 


erecting a statue of Cajal. As one walks 


in the retiro, it is with surprise and 
pleasure that one recognizes the features 
of the master. In bas-relief on either 
side are symbolic figures of birth and 


death, which with the adjoining foun 
tains make an impressive setting. 

On a height not far from the present 
institute is a building still under con 
struction which it is hoped will soon be 
the home of the Instituto Cajal. In the 
meantime, in that beautiful and historic 
city of Madrid the present imstiftuto is a 
shrine which all neurologists and work 
ers in medicine are sure to seek. 
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AERIAL PHOTOGRAPHY BY INFRA-RED RAYS 


THE accompanying photographs were 
taken last August by Captain A. W. 
Stevens, of the U. 8S. Air Corps, from 
an airplane flying at an elevation of 
seventeen thousand feet. Mount Rainier 
in the state of Washington was 227 miles 
north, the pictures having been made 
from a point well south of the center 
of the state of Oregon. The distant 
mountains are beyond the range of the 
eye and are recorded on the photo- 
graphic plate by the infra-red rays. 
Even on clear days the atmosphere con- 
tains sufficient moisture and dust parti- 
cles to limit vision, and the infra-red 
rays penetrate the smoke and haze to 
a greatér extent than the shorter rays of 
the visible spectrum. 

Experts at the Eastman Kodak Re- 
search Laboratories have made a thor- 
ough study of haze penetration and 
have found that by using special emul- 
sions and color filters results can be ob- 
tained which greatly eliminate the ever 
present haze factor. Aerial photo- 
graphs of good quality have been taken 
on specially sensitized material showing 
objects which are nearly invisible to the 
naked eye because of the obscuring haze. 

Haze is a phenomenon with which 
neariy every one is familiar. It is al- 
most always present in the atmosphere 
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to some degree. In taking pictures from 
high altitudes there necessarily exists a 
depth of air between the camera and the 
objective which reflects strong actinic 
light back to the lens. 
usually be described as a haze or thin 
As the 


predominating color of haze lies in that 


This light can 
veil of a bluish or violet cast. 


part of the spectrum which is most 
sensitive to ordinary photographic emul- 
sions an emulsion which is sensitive to 
all visible colors and even to a part of 
the invisible spectrum, the infra-red, 
must be used. 

A dye called kryptocyanine has been 
found photo 
graphic emulsion in the infra-red end of 


which will sensitize a 


the spectrum. Panchromatic emulsion 
which is sensitive to all colors is bathed 
with this dye to make it sensitive be- 
yond the visible spectrum. 

By using a strong yellow filter the 
violet and bluish light reflected from 
the haze can be eliminated. This, how- 
ever, is not all the correction needed. 
Green foliage on panchromatic film 
with kryptocyanine added will photo 
graph almost white. A red filter must 
also be used to tone down the green re 
flection and render foliage more natural 
Thus, by using a film so sensitized and 
a strong yellow and red filter before the 
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MOUNTAINS OF OREGON AND WASHINGTON 


9o7 


SHOWING POSITION OF THE AIRPLANE 227 
MILES FROM Mv. RAINIER 


lens, it is as if the emulsion sensitivity 
started at the farther end of the blue 
part of the spectrum and gradually in- 
creased as it neared the infra-red. 

The aerial pictures taken by Captain 
Stevens were on panchromatic film 
which had _ been 
bathing in a solution of ammonia and 
made sensitive to the infra-red by the 


hyper-sensitized — by 


addition of kryptocyanine. Between 
the components of the 36-inch focal 
length lens a strong yellow filter has 
been cemented. This made possible the 
penetration of the violet bluish atmos- 
pherie haze. A red filter corrected the 
effect produced by the kryptocyanine 
which renders green too light. This 
filter will hold back the light reflected 
from foliage and provide a more natural 
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coloring. Captain Stevens used a time 
of exposure as short as one thirty-fifth 
of a second. 

There is little likelihood of ever being 
able to photograph through dense layers 
of haze since radiation reflected from 
the haze body is often greater than that 
reflected from the earth and transmit 
ted by the haze. Therefore when any 
one speaks of photographing through 
several miles of mist or fog he is either 
misapplying the terms ‘‘mist’’ and 
‘*fog’’ to what is usually considered 
haze, or he is working on the credulity 
of the general public which has not yet 
become familiar with the process 

Another interesting adaptation of the 
use of infra-red photography has been 
found by astronomers. Dr. W. R 
Wright at the Lick Observatory has 
photographed Mars on ordinary emul 
sion and with the infra-red emulsion 
On the former the planet’s atmosphere 
is clearly visible and on the latter the 
Martian surface is boldly defined By 
superimposing one photograph on the 
other it is possible to measure the ex 
tent of the atmosphere of this planet 














CAPTAIN A. W. Stevens, U. S. Atr Corps 
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DR. HARVEY WASHINGTON WILEY 
From 1883 To 1912 CHIEF CHEMIST OF THE U. S. DEPARTMENT OF AGRICULTURE, LEADER IN THE 
MOVEMENT FOR PURE FOODS AND DRUGS, WHO DIED ON JUNE 30. THE PHOTOGRAPH WAS TAKEN 
TWO YEARS AGO WHEN Dr. WILEY WAS EIGHTY-THREE 
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J. WALTER FEWKES 
LATELY CHIEF OF THE BUREAU OF AMERICAN ETHNOLOGY, DISTINGUISHED FOR HIS CONTRIBI 
TIONS TO INDIAN ARCHEOLOGY, WHO DIED ON May 31, IN HIS EIGHTIETH YEAR 
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THE WORK OF DR. EDWARD GOODRICH ACHESON 


THe United States National Museum 
has installed an Edward Goodrich Ache- 
son exhibit in its Arts and Industries 
Building. Rising from the center of a 
rectangular table is a pedestal on one 
side of which are grouped a portrait of 
Dr. Acheson and a number of the medals 
awarded to him at various times during 
his career. Below these is a series of 
three printed labels containing a_ bio- 
graphical sketch of Dr. Acheson, and ar- 
floor of the 


mementoes such as his notebook of ex- 


ranged on the table are 


periments and scientific observations ; 
business cards and letters when he was 
associated with Edison; a copy of his 
‘‘Lightning Arresters’’ pre- 
before the American Institute 
of Electrical Engineers in 1889, and his 


book of tank capacity calculations, com- 


paper on 
sented 


piled and recorded when he was twenty- 
two years old. 

The other three sides of the pedestal 
and floor of the exhibition case contain 
bearing on Dr. 
and 


material Acheson’s in- 


ventions discoveries of ecarberun- 
dum, artificial graphite, colloidal graph- 
ite and Egyptianized clay. Deserip- 
tive explain the particular 
properties of materials; files 
containing samples familiarize the visi- 
tor with their appearance, and suitable 
objects indicate their applications to use. 
The carborundum section of the exhibit 
includes the original analysis of this 
substance made by the Pittsburgh Test- 
ing Laboratory in 1892; a reproduction 
of the plumber’s pot furnace with which 
first produced carborundum ; 
photographs of early and modern elee- 
tric furnaces; some early carborundum 
advertising literature, and a few modern 
carborundum products. 

Dr. Acheson was born on 
1856, at Washington, 
where his grandfather, coming from 
Ireland, settled in 1788. In 1880 he 
entered the employ of Thomas A. Edison 
at Menlo Park, New Jersey, as an as- 
sistant draftsman under John Kruesi. 


labels 


these 


Acheson 


Mareh 9, 
P . > 7] , ig 
ennsylvania, 


In July, 1881, he was sent as first 
assistant engineer of the Edison inter- 
ests at the Electrical Exposition in 


Paris. For a time he was connected with 
the Consolidated Lamp Company of 
Brooklyn and the Standard Under 
ground Cable Company of Pittsburgh 
Early in 1891, Dr. Acheson produced 
in the electric furnace the first sample 
of carborundum, the well-known ab 
rasive and refractory now used all over 
the world. The invention of carborun 
dum has been of great benefit to many 
industries, cheapening the production of 
numerous articles and improving the 
finish of many others 
Not long after the 
borundum Dr. 
first large sample of artificial 


ite. He 


heated it to extremely high temperatures 


invention of car 
Acheson produced the 
graph 


and 


took ordinary coke 
in his electric furnace which transformed 
the hard, brittle coke into a soft, unctu 
And this graph 


artificially 


ous product, graphite. 
ite he 
better and purer than the natural min 
** black 


commonly 


thus produced was 


eral *‘plumbago’’ or lead’’ as 
natural called 
To-day about twenty million pounds of 


graphite is 


Acheson graphite are produced an 


nually. Graphite has many uses, 
among them being lubricants, electrodes 


The 


the incandescent lamp owes its existence 


and erucibles. tungsten wire of 


an aqueous lubricant of 
The 


range of our guns was increased twenty 


to ‘‘aquadag,’”’ 
**deflocculated Acheson graphite.’’ 


per cent. by surfacing the inner walls 
with Acheson graphite. The 
product is so that it 
through a chemist’s filter paper which 
ordinarily retains the finest precipitate 
Dr. Acheson’s career has been 
nating and fertile. Untiring in his zeal 
and highly skilled in the experimental 
art, he into 
as though by magic, the visions of his 
active and imaginative mind 
that are products of inestimable value to 
science, to the arts and to civilization. 


Acheson 


fine will pass 


fasei- 


has transformed realities, 


realities 
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EXPLORATIONS OF THE DEEP SEA 


Dr. WiiuiAmM Beese, director of the 
Department of Tropical Research of 
the New York Zoological Society, and 
Mr. Otis Barton have just completed a 
number of dives in a deep sea chamber 
or ‘bathysphere in the open ocean to a 
depth far beyond where any scientific 
observations at first hand have ever been 
made. This bathysphere was designed 
for and financed by Mr. Barton, who in 
frequent consultation with Dr. Beebe 
has worked on it for a year. The barge 
from which the dives were made was 
kept anchored off Nonsuch Island where 
the New York Zoological Society Oceano- 
graphic Expedition has its headquarters, 
and the descents were made in the open 
sea in connection with and within the 
limits of the area of intensive research 
which Director Beebe has carried on for 
two years past. 

The length of cable at the greater 
depths was checked and rechecked both 
by hydrographic meterwheel and by 
measuring off and marking one hundred 
foot lengths of the cable, the difference 
between these methods being two feet in 
one thousand four hundred and twenty- 
Six. 

On June 6th a descent was made to 
803 feet, and on June 11th to 1,426 feet, 
or beyond a quarter of a mile, with both 
Beebe and Barton in the bathysphere. 
The sphere is 57.3 inches in outside diam- 
eter and 14 inches thick, and at the 
greatest depth withstood a pressure of 
652 pounds to the square inch, or a total 
of 3366.2 tons on the whole surface. 
Fifteen dives have been made alto- 
gether. 

The two most surprising phenomena 
were, first, the abundance of life ob- 
served, and the clarity and certainty with 
which it could be seen and identified, 
and seeond, the blue brilliance of the 
watery light to the naked eye, long after 
every particle of color had been drained 
from the spectrum. Another unexpected 
fact was the presence of fish and inver- 


tebrates at these upper levels which, in 
trawling nets, have been taken only hun- 
dreds of fathoms lower. At 700 feet the 
spectrum, as seen close against the 
quartz window, was quite devoid of 
color, the lightest portion being at the 
510th wave-length. The last color to 
disappear was violet, which, many feet 
above, had completely overlaid the blue. 

A strong, electric search-light illumi 
nated the outside water to a distance of 
many feet, a bag of decayed fish and 
baited hooks served as a lure, an outside 
thermometer was easily read, and per- 
fect telephone communication and dicta- 
tion were carried on without interrup- 
tion. 

Luminous fish and shrimp swam close 
to the quartz window, about a dozen 
species of true bathypelagic fish being 
identified and seen again and again. 
Puzzling results of the trawling nets 
were explained, and every possible 
ecological fact noted and dictated. 

A second important phase of the work 
proved to be dangerous but exceedingly 
interesting. This was to lower the 
bathysphere in shallow water, and as the 
guiding vessel slowly drifted seaward to 
do contour exploration down the Ber- 
mudian insular shelf. The risk was the 
possibility of suddenly sighting a wall of 
reef too near to be cleared by reeling 
the sphere quickly upward. Four such 
descents, to a maximum of 350 feet, 
yielded unexpected results, revealing an 
entirely new fish fauna at these offshore 
depths and opening a new field for the 
study of the unknown bottom life con- 
necting the shore with the deep sea 
faunas. The most notable thing about 
the recognizable shore fish was their 
great average size. 

The satisfactory margin of safety and 
the ease and accuracy of observations of 
fish and other bathypelagie organisms 
have ensured the advisability of the con- 
tinued use of the bathysphere for an- 
other year. 
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An 


All Metal 
Quartz Spectrograph 


The New B & L Quartz Spectrograph is designed 
for visible and ultra-violet spectra between the limits 


of 7000 and 2100 Angstroms. 





This instrument differs widely in design from exist- 
ing models. Its all metal construction meets all re- 
quirements for a spectrograph that is practically 
warp proof. A machined cast iron base extends the 
full length of the instrument. Upon this “backbone” 
all parts are individually supported giving utmost 
rigidity and stability. 


A series of apertures permits the exposure of either 
three or four spectra in closely adjacent position for 
purposes of comparison. 


Write for catalog H-232 for complete details. 


Bausch & Lomb Optical Co. 


665 St. Paul St. Rochester, N. Y. 
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Big Game Hunting Books You Will Enjoy 





1D ge DE LEON discovered Florida 
while searching for the fountain of 
youth. Apparently Doctor Sutton discov- 
ered the fountain of youth while searching 
Africa and Asia for adventure. 

At the age when most men are looking 
forward to an easy chair in front of the 
library fire, this indefatigable sportsman 
does not hesitate to pack up his cameras 
and rifles and trek to the uttermost corners 
of the earth. 

Soldier, sailor, physician, teacher, big 
game hunter, and explorer, honored by Uni- 
versities at home and learned societies 
abroad, of him it can truly be said that de- 
spite the gruelling drudgery of almost end- 
less professional labors he has never lost 
his hold on romance, or his zest for adven- 
ture. His keen observation on the habits 
and reactions of primitive peoples, his love 
of clean sport, his thrilling experience with 
big game of all sorts, these will be found 
mirrored in these books of adventure. 

Hunting man-eaters is not a _ simple 
matter. This you will gather when you read 
Doctor Sutton’s experiences. His ‘‘ African 
Holiday’’ gives an excellent description of 


By 
Richard L. Sutton, 


M.D., Sc.D., LL.D., F.R.S. 
(Edin.) 


Fellow of the Royal Geographic 
Society of Great Britain; Pro- 
fessor of Dermatology, Univer- 
sity of Kansas; Member of 
French Geographical Society. 


the trials and tribulations one encounters on 
expeditions of this sort. But then, Doctor 
Sutton says, these hardships and difficulties 
should only whet the appetite. You will 
enjoy following Sutton from the beginning 
to the end of each of his three great treks. 

You can almost hear the jungle noises as 
you go with Doctor Sutton on his African, 
Asiatic and Indo-China trips. You can see 
the lumbering elephants charging and the 
tigers stalking their prey as you read his 
accounts of his many hunts. You will also 
enjoy the pictures and stories of the jungle 
folk that he encountered. 

Smaller game takes up considerable of the 
narratives. You will be an interested spec- 
tator as you watch Sutton ‘‘get’’ his vic- 
tims with camera and rifle. 

No expense has been spared in the pro- 
duction of these books. They are works of 
art. The great number of pictures used 
(almost 500), the beautiful binding and 
artistic printing, the beautiful jackets in 
colors made from original drawings by well- 
known artists, all tend to make these books 
outstanding among works on big game hunt- 
ing. 


To Order Sutton’s Big Game Books—Tear Off Coupon Here and Mail Today! 


THE C. V. MOSBY COMPANY, 3525 Pine Blvd., St. Louis, Mo. 
Send me the Sutton travel books that I have marked with X. 7 I agree to pay for them in 30 
days. 7 I enclose check in full. (If you prefer to receive all three books at a special price of 


$9.00, thus saving 5c.) 


C7 The Long Trek .........++5+- 
C7 An African Holiday .............-+++- $2.25 
BED. obs cicdvcececcadgnsusenssbasegeusentedasenancs 
BEGG cciccccccdoseccdvnsndcanpensancssetctianeds 


(Scien. Monthly) 
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Pocket 
Microscope 
Extended 





POCKET MICROSCOPE 


For any Degree of Magnification from 30X to 200X 


The entire stand of this new microscope is a one-piece 
hollow casting of aluminum alloy which makes the instru 
ment rigid and at the same time light in weight. Net 
weight 11 oz. 

The initial magnification is increased by elongating the 
draw tube and the magnifications thus obtained are read off 
from the graduations on the tube. 


The optical system consists of an orthoscopic eye-piece 
and a standard achromatic objective which insures good 
definition. 


May also be used for micro-projection, drawing, and 
photomicrography. 


Price in velvet lined pouch $20.00 
Price in velvet lined case 21.00 
Price with case and pouch 22.00 


PALS COMPANY 


Apparatus for Industrial and Laboratory Use 
153 WEST 23rd STREET NEW YORE, N. Y. 

















Field Equipment for 
FOR THE Engineers, Explorers, Hunters, Travelers 
Scientific Instruments Optical Instruments 

Pack Equipm ; Skis Astronomic Telescopes 
BIOLOGICAL SCIENCES A arene Boy Viething, 4 —_ Tintern . 


Fiala Pat. Sleeping Bags Binoculars 


















Models Rifle Telescopes and Schuler Mounts 
Skeletons Write for Catalog “A 
Display 1 Material Since 1925— 
Headquarters for 
Preserved Material 
Naturalists’ Supplies PAULIN ALTIMETERS 
An instrument which mea 
Stains and Chemicals sures differences in elevation 
Museum Preparations with more speed and greater 
Laboratory Glassware accuracy than any other in 
strument made. In accuracy, 
Bird Skins and Mounts it is only exceeded by the 
Dissecting Instruments precise level and transit. The 
Bacteriological Reagents Je . light, compact, 
Microsco Slide Pre and strongly con- 
pe ° parations structed, yet ex- 
Charts, Botanical and Zoological tremely sensitive, 
Insect Life-histories and Collections being capable of 





Microscopes, Microtomes and Accessories recording 


differences in 
elevation as 
small as 12 
inches. 
Prompt Guaranteed Range: 

- - 900 to 0 to 
Service Quality + 9700 ft. 


NEW YORK BIOLOGICAL SUPPLY CO. Price $125 
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J ; . : Prepaid 
General Supplies for the Biological Sciences Instructions given for use of Paulin Altimeters 
34 Union Square New York Ci 47 W 8 
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NOW OPEN 


a York, 
@VERNC OR GINTON 


Opposite Penn. R. R. Station 
New York’s new hotel truly expressive of 
get test city. 1200 pleasant rooms 

with Servidor, bath, circulating 
ice water and radio provisions. 


E. G. KILL 











ROOMS 











HOTEL FRASCATI 
BERMUDA 


SUPERB LOCATION 
BATHING OFF THE VERANDAH 
CLOSE TO ALL POINTS OF INTEREST 
ACKNOWLEDGED TO SERVE THE BEST MEALS ON THE ISLAND 
COURTEOUS SERVICE AND GENUINE HOSPITALITY 
FREE CARRIAGE SERVICE TO AND FROM HAMILTON 


Management 
GEORGE A. BUTZ 


Full information, illustrated booklet, etc., can also be obtained from the 
New York Office 


Bermuda Hotels Associated Inc., 250 West 57th Street 
Telephone Columbus oo12 
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Complete Equipment for 


Explorers, Scientists, Engineers, 
Hunters and Travelers 


We have 


The only 
Equipped house 
many in the 
Expedi- U.S. 
tions where 
From every 
the Poles item 
to the may be 

Equator obtained 





Gurley’s Transits, Levels, Current Meters; Paulin Altimeters; Binoculars, 
Microscopes, Cameras, Motion Picture Outfits; Tents and Camp Requi- 
sites; Sleeping Bags; Saddlery; Outdoor Clothing for every climate; Boats; 
Arms and Ammunition, etc. 


We have recently equipped two expeditions for Greenland, one for 
Persia and others for Venezuela, Peru, Bolivia, and Brazil. Some of 
these exploring parties we equipped with practically everything they 
needed from engineering instruments to rifles, ammunition and food. 
Our tents, made of Equatorial Waterproof Cloth, have stood the sun 
of the tropics and the freezing blasts of the Polar regions. 


Let us furnish estimates—write us your wants. 


Catalogs and Testimonial Letters on request 


ANTHONY FIALA. “—Saee oe 


** Look for the sign of the Polar Bear” 
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BIOLOGICAL AND NATURAL 
HISTORY MATERIAL 


~ —- Zoological Groups 


Embryological Slides 
Botanical Life Histories 


Drosophila Cultures 
Lamprey larvae (Ammocoetes) 
Prices on demand 
Catalogs on request: Address 
Geo. M. Gray, Curator 
Supply Department 


Marine Biological Laboratory 
Woods Hole, Mass., U. 8S. A. 


«ost oF» 

















FINE SHELLS 


I have in stock without question the largest 
assortment of fine shells in this country, all 
properly classified. Will furnish collections 
of any size up to 20,000 species at moderate 
prices. Correspondence solicited. Will re- 
classify old collections, bring them up to date, 
adding any species that may be desired to 
make them of use for study or teaching, 
at modest rates. Have specialized in shells 
for thirty years, and own complete working 
library. Free booklet on request. 


WALTER F. WEBB 


202 Westminster Read Rochester, N. Y. 











PHOTOGRAPHS 
and Precious Pictures 
Copied— 
Renewed— 


Enlarged— 
By Bachrach 


Have you some family snapshots, 
tintypes, or old photographs!— 
Are they faded, torn, soiled, or 
scratched? What would you not 
give to have that cherished picture 
of a dear relative or friend—splen- 
didly restored—or enlarged — or 
wearing modern clothes? It makes 
a wonderful gift or keepsake! 
Telephone or visit the nearest 
Bachrach Studio—or send for 
RESTORATION BOOKLET free. 


Bachrach 
Photographs io Distinction 
507 Fifth Avenne 
Vanderbilt 7400 


Studios in 46 principal cities east of Chicago 




















NEW YORK’'S NEW 


HOTEL 


LIN 


ENJOY THE BEST! Modern, scientific 
equipment and management make 
it possible for you to enjoy the best 
in New York at the Hotel Lincoln. 


Each with Bath 


1400 ROOMS “cna Shower 


$3-5 Om 94-7 tc 


Telephone Lackawanna 1400 


COLN 


Eighth Avenue, 44th, 45th Streets, Times Square 
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Mi Wuaneenannenancuneenoageens wnt wonennnenians 


The TAPLEY 
PERFORMANCE 
METER 


No outside connections to 
either install or wear out 


DOUDUEUEEEUEDLAOGE DEE OED EOE OEE at 


ETTTTL ity 





Every motor vehicle has get-away ability and hill-climbing capacity in direct proportion 
to the net pull (or push) exerted by the power equipment. 


This driving force is equivalent to the pull on the rope if the cur were being towed, at the 
same speed on the same grade. This pull is given directly in pounds on the scale of the Tapley 
Performance Meter, and thus measures the car’s performance in a simple standard that can be 
understood and obtained by any motor vehicle owner. 

An average car has a maximum normal performance of 220 pounds (obtained on a high grade 
at a speed less than 20 miles per hour for pleasure cars), and a maximum get-away or acceleration = 
pull of 200 pounds (obtained at a speed under 25 miles per hour). = 

Any increase or decrease of performance by using one grade of gasoline compared to another, 
or new spark plugs compared to old, or any oil or device for increasing performance is shown 
directly by the Tapley Performance Meter, clearly and accurately, as well as the performance before 
and after repairs. 

The Tapley Performance Meter is a fine scientific instrument for use by the motorist for Intelli- 
gent Motoring. 








Further details upen request 


E. C. CHESWELL = 


Melrose Highlands (77), Mass. 
U. 8. A. Distributor for Messrs. Tapley & Company, Totton, Southampton, England. 
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THE NEW YORK ACADEMY OF SCIENCES 
The A. Cressy Morrison Prizes for 1930 


The New York Academy of Sciences announces three prizes offered by Mr. 
A. Cressy Morrison, to be known as the A. Cressy Morrison Prizes I, II and III, 
all of which will be awarded in December, 1930. 


The competition for Prize I is open to all. Prizes II and III are limited to 
members of The New York Academy of Sciences and Affiliated Societies, but 
non-members may become eligible by joining one of these organizations before 


the closing date. 
PRIZE L. 

A prize of $750.00 is offered for the thesis adjudged by the Council of the 
Academy to be the most meritorious on the subject formerly submitted for a prize 
and described on May 5, 1924, as follows: 

1. Subject: ‘‘What may be proved from our present knowledge as to the pos- 
sibility or impossibility of released intra-atomic energy constituting an important 
source of solar and stellar energy.’’ 


PRIZE I. 


Subject: A Prize of $250.00 is offered for the most acceptable paper in the field 
of experimental biology, which paper embodies the results of original research not 
previously published. 

PRIZE Ii. 


Subject: A prize of $250.00 is offered for the most acceptable paper in a field 
of science covered by the Academy or an Affiliated Society, but not included under 
Prize I or Il, which paper embodies the results of original research not previously 
published. 
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exceptional camera can do this 


SUDDEN flash out of a darkened sky 
—and the Leica records it with aston- 
ishing clarity and fidelity. 

Put the Leica to the most severe test— 
use it under the most adverse conditions of 
light and weather—and you will be sur- 
prised at the better results it achieves. 

Here is a camera of true scientific preci- 
sion. Mechanically and optically perfect. 
Its famous Elmar Anastigmat F 3.5 lens in- 
sures clearest, sharpest negatives for snap- 
shots, photomicrographs or other exacting 
work. 

Professional photographers, 
scientists and explorers prefer the 
Leica to more expensive instru- 
ments. Several Leicas are owned 
by members of the Byrd Antarctic 


Name 





Address 





Expedition and others accompanied trav- 
elers on the Graf Zeppelin’s flights. 

If you want better pictures this Spring 
and Summer take a Leica wherever you go. 
Easy to carry, light and compact. Weighs 
less than a pound and fits vest pocket or 
purse. Each roll of standard cinema film 
gives 36 pictures double frame size. And 
enlargements to 12x 18 inches or more re- 
tain and amplify the smallest detail. 

See this unusual camera at any high 
grade photographic supply store. 
Or, if you prefer, send the coupon 
for illustrated catalog No. 1166. 
E. Leitz, Inc., Dept. F.F., 60 East 
10th Street, New York, N. Y. 


E. Leitz, Inc., 
Dept. 8 F.F., 60 East 10th 8t., 
New York, N. Y. 


Please send me catalog No. 1166 describing the Leica camera. 
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AN INTER-CITY CABLE, PART OF THE BELL SYSTEM NETWORK THAT UNIFIES THE NATION 














Vast, to serve 


the nation... 


personal, to serve you 


An Advertisement of the American Telephone and Telegraph Company 


So THAT you may telephone from house to 
house in a Southern village, from farm to 
farm in the Middle West, or from the Pacific 
to the Atlantic Coast—the Bell Telephone 
System must be large. Its work is to give ade- 
quate telephone service to one of the world’s 
busiest and most widespread nations. There 
is 4000 million dollars’ worth of telephone 
plant and equipment in the Bell System, 
any part of which is subject to your call 
day or night. 

Every resource of this system is directed 
to the end that you may have quick, clear 
and convenient telephone service. 

In order to meet the telephone needs of 
the country most effectively, the operation 
of the Bell System is carried on by 
24 Associated Companies, each at- 
tuned to the area it serves. Working 
with these companies is the staff 





of the American Telephone and Telegraph 
Company, giving them the benefit of its 
development of better methods. 

The Bell Laboratories and the Western 
Electric Company utilize the talents of thou- 
sands of scientists for constant research 
and improvement in the material means 
of telephony. 

Western Electric, with its great plants 
and warehouses in every part of the coun- 
try, contributes its specialized ability for 
the precise and economical manufacture of 
equipment of the highest quality for the 
entire system. 

The Bell System is vigorously carrying 
forward its work of improving the telephone 
service of the country. It is building 
for today and tomorrow—for the 
benefit of every one who lives and 
works in America. 
































A CHANGE in the variables between 
health and ill-health is often slight, but the physiological results are great. 

Slight changes in the choices of daily food are the simplest ways to produce 
profound changes in either health or ill-health. 

“Vitamines are essential to life.” They are easy to obtain—They are easy to 
overlook. 

Vitamine-B is wide-spread in nature, in the dilute form. Deficiency of Vitamine-B 
causes diseased conditions, of which anorexia (loss of appetite) is an early symptom. 

in such conditions—Yeast Vitamine-Harris Tablets (rich in vitamines B, F and G) or 
Brewers’ Yeast Powder (Harris) (used by U. S. Pub. Health Service) are often prescribed 


by physicians. THE Prepared by 


HARRIS LABORATORIES 











TUCKAHOE NEW YORK 






































PARIS PAN-AMERICAN 
EXPOSITION: EXPOSITION: 
Eight Awards and Medals Gold Medal 


Our General Laboratory and Museum Supplies Include: 
Scientific Apparatus and Instruments, Chemicals, Anatomical Models, Osteological 
Preparations, Natural History Specimens and Preparations, Wall Charts, Mu- 
seum and Naturalists’ Supplies, Glass Jars, Microscopes and Accessories. 


Museum Cabinets (Yale Style) Biological and General Laboratory Supplies 
KNY-SCHEERER CORPORATION 
Dept. of Natural Science, 580 Fifth Avenue, 
G. Lagai, Ph.D. New York City 




















